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THIS PLUG 


STAYS 
IN 

THE 
OUTLET 








GRIP PRONGS*-give dependable service on all electrical 
- | 


equipment. Available on the better complete cords only. 








GRIP PRONGS* Expand and 
actually grip sides of slot. 








Plug stays in—good contact 





even in worn outlets. 


Maintains the best possible 


electrical connection. 


Prevents damage to electrical 


contacts in the receptacle. 








Positive electrical contacts — No 
strain. No damage. 








Belden 


WIREMAKER FOR INDUSTRY *U.S. Patents: 2,439,767; 2,671,205 
SINCE 19802 Canadian Pats: 438,585; 506,94¢ 
CHICAGO 


O4A01E8 





Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable ¢ Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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CASE 1H11STORIES 





Ngy Sealed and Shielded Ball Bearings 
Solve Electric Mofror Positioning Problems / 


CUSTOMER PROBLEM: 


Conventional lubrication imposes design 
restrictions on electric motor manufacturer. 
Mounting positions are limited, since bearings 
must be accessible for service or relubrication. 


SOLUTION: 


New Departure offered factory prelubricated, 
shielded ball bearings. Electric motors equipped 
with these high precision, production ball 
bearings, maintain their original performance 
in any position. And, accessibility for service 
need not be a ruling factor in motor location. 


These quiet-running ball bearings are virtually 
lubricated-for-life, and eliminate the need for 
adjustment because of wear. In applica- 
tions where excessive contamination conditions 
exist, a full line of efficient New Departure 
Sentri-Seal ball bearings are also available. 


If your product or design calls for long, trouble- 
free bearing life, why not call on New Depar- 
ture. There’s probably a high production, low- 
cost ball bearing, built to New Departure’s 
traditional precision, that’ll do the job better. 
For information, call the N/D Sales Engineer 
in your area or write Department L-12. 


-EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 


Circle 103 on page 17 





for heavy-duty or fractional HP mofors 


a Whether your motors require large or small slot in- 


® 
imnicenitee sulators, you are assured top protection and: faster | 


production with uniformly accurate, precision. fabri- 


cated INMANCO Motor Slot Insulators. Ready’ for 
* A & R ? C AT * i insertion, INMANCO parts are specially ‘fabricated 
by methods that permit full retention and utilization 
of the characteristics of the material from which they i 
MOTOR SLOT are made. The material is converted to a shape which } 
usually enhances the original properties and provides © 
other plus values. Because of the wide choice of ma- 
INSULATORS terials, INMANCO insulators can be made to provide 
the exact properties required for a specific application. 
‘ , Write for new INMANCO Catalog, i 


< 


Inmanco products are manufactured exclusively by .. . 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard @ Phone: CEntral 6-7320 
CLEVELAND 14, OHIO @ 1231 Superior Avenue, N. E. @ Phone: SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 


Circle 104 on page 17 ELECTRICAL MANUFACTURING 
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1. Six 100 HP D.C. reversible motors work in unison 
to drive the antenna through a wide speed range. 
A blower with its own A.C. motor and filter cools 
the motor. The D.C. feedback tachometer genera- 
tor closely co-ordinates the effort of all the motors. 
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by Louis Allis 


2. Control panel receives, co- 
ordinates and limits power 
to give precise selected 
motor speeds from full for- 
ward to full reverse with a 
twist of a knob — without 
shock to the antenna or 
pause in operation. The 
operator selects the direc- 
tion of operation and 
motor speed — the control 
system does the rest. 





d-c exciter 


synchronous motor 


500 KW generator 


3. Industrial type synchronous motor-driven motor-generator 
set delivers 500 KW of D.C. power to the six antenna drive 
motors. The D.C. exciter and metadyne amplifier provide 
a temperature-compensated, automatic controllable source 
of power to the motor and generator fields. 
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Each of six drive motors is geared 
to the antenna bearing. All six are 
used for normal operation; however, 
one could operate the antenna in an 
emergency. Several motors can be cut 
out without impairing antenna rotation. 


New-design news from Louis Allis 


Here’s precise speed control... 
Regulation — 0.25%... 
Response — 0.2 seconds! 


System provides accurate, split-second control for 
rotating radar antenna— another example of complete 
power-package engineering by Louis Allis. 





Today’s high-speed heaven-scanning calls for giant radar tracking units 
with rapid, exact, co-ordinated control. To meet this requirement, Louis Allis 
engineers recently developed a complex power package which combines 

an MG set, metadyne amplifier, d-c drive motors, feed-back equipment, and 
complete controls into an efficient system permitting antenna rotation 

at exact selected speeds. 


Antenna drives may not be your problem — but whatever your industry 
requirement is — steel, paper, machine tool, etc. — you can rely on Louis Allis 
application and engineering know-how to design and manufacture the 
drive and control system you need. 


Louis Allis expert application specialists are men who know the motor and 
drive requirements and many of the operating problems of almost every 
industry. Make use of their experience and take advantage of the unmatched 
line of Louis Allis standard and special motors and drives to solve your 
next speed-control requirement. 


Get full information from your local Louis Allis District office, or write 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 
For specific information on Louis Allis adjustable speed drives and high 
frequency equipment, write for: Bulletin 2000, Select-A-Spede® Drives; 
Bulletin 611-E, Ajusto-Spede® Drives; Bulletin 1500, Electronic 
Select-A-Spede drives; and Bulletin 2250, High Frequency Equipment. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 


Circle 105 on page 17 








Testing Your Classification: 


Systems 


Final Performance Testing of 
a Large Guided Missile 


Final electrical and electromechanical testing of the Jupiter 
missile at Redstone Arsenal is described. Test equipment and 
facilities are illustrated and general procedures followed for 
preliminary system checkout and final simulated flight tests 
are outlined. 


R. L. Smith, Jr.. Army Ballistic Missile Agency, Huntsville, 
Ala. 


Electrical Manufacturing 1958 December p 46 7 pp 


Materials, Electrical ‘Electronic Your Classification: 


Electrical Insulation and Dielectrics 


Dielectric Properties of Reinforced 
Plastics at Elevated Temperatures 


A tabulation and evaluation of available data on the dielectric 
properties of reinforced plastics materials at temperatures up 
to 500 C. Summary of the effect of resin properties, types of 
reinforcement and fabrication techniques is included. Subject- 
classified bibliography. 


I. Katz, North American Aviation, Inc., Downey, Calif., and 
J. Goldberg, Aerojet General Corp., Azusa, Calif. 
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Product Design Case History 
Industrial Machinery 


Your Classification: 


Power Positioning and Control 
for Machine Flexibility and Safety 


Electrical and mechanical details are shown for an overall 
new design for a wood and metal industrial cutting machine. 
Unified forms, strategically located controls and high-visibility 
indicators are combined with safety and convenience features 
such as power-operated raising and lowering of machine 
cutting blade. 


Staff Report 
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Sealant ae tattestee eet 


To obtain a free copy of the 


Computers Your Classification: 


Computer Design 

Control 
Systems and Servos 

Design Considerations 
Specifications and Standards 


Perforated Storage Media 


Survey of primary punched tape and card systems: early 
development, current media formats and dimensions, com- 
patibility problems, standardization progress, sources of per- 
forated record equipment. 


H. L. Tholstrup, Commercial Controls Corp., Div. Friden, 


Inc., Rochester 2, N.Y 
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Materials, Mechanical Structural Your Classification: 


Metals 


Designing With Stainless Steel 


Presented are the properties of stainless steel of significance 
in equipment design. Important applications, including ap- 
pliances, instruments, heavy and light machinery, computers 
and electronic products are illustrated. Some case histories and 
a stainless steel selector chart are also presented. 


Staff Report 
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Electrical Manufacturing 


Basic Science and Engineering Your Classification: 


Physics 
Circuit Analysis 


Volt-Ampere Graphical Analysis 


A description of the method of analyzing electrical and elec- 
tronic circuits through the use of volt-ampere curves. Numerous 
examples include applications to computational diode circuits, 
cathode followers and degenerative amplifiers. 


V. J. Petrucelly, American Machine & Foundry Company, 
Stamford, Conn 
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Subject Classification, circle Number 738 on page 17. 





@ Quick interpretations of feature article content 
@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Components, Electrical /Electronic Your Classification: 


Semiconductor Devices 


The Silicon Controlled Rectifier — 
A Semiconductor Power Switch 
' with Microsecond Response 


New semiconductor component combines features of power 
transistor and rectifier. Applications notes are presented in this 
article for the new device with thyratron-like characteristics. 


F. W. Gutzwiller, Semiconductor Products Dept., General 
Electric Co., Clyde, N.Y. 
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Design Considerations Your Classification: 


ermal Design Factors 
Reliability 


Techniques of Cooling Electronic 
Equipment — Il 


Concluding article of- a two-part series (see November 1958 
issue) translates the theory of cooling into practical methods 
for cooling various types of electronic parts and equipments. 
Heat removal is discussed in relation to electron tubes, rec- 
tifiers, transistors, semiconductor devices generally, resistors 
and transformers. Methods discussed include: forced convec- 
tion, liquid and vapor cooling, direct liquid coolants, indirect 
cooling and direct vaporization coolants. 


J. P. Welsh, Cornell Aeronautical Labs., Inc., Buffalo, N.Y. 
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Components, Electrical /Electronic 
Magnetic Components 


Your Classification: 


Static-Magnetic Regulated 
D-C Power Supplies 


Design and performance data for regulated fixed/variable d-c 
constant voltage supplies, for pulse loads such as computers 
and data processing equipment, using constant voltage trans- 
formers, germanium rectifiers and etched aluminum-foil 
capacitors, 


H. V. Hjermstad and J. T. Keefe, Sola Electric Co., Div. 
Basic Products Corp., Chicago, III. 


Electrical Manufacturing 
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Motors Your Classification: 
Special 

Drives 
Electrical 


Two-Speed Drive + Positioning 
with New Step Motor 


Electrical and magnetic operating principles of a rugged step 
motor for direct power drive and positioning are presented. 
The versatility of the development is indicated by selected 
examples of specific applications of the step motor and its 
auxiliary apparatus. 


S. Noodleman, B. A. Wesche Electric Co., Cincinnati, Ohio 


1958 December p 66 6 pp 


Electrical Manufacturing 


Control Your Classification: 


Systems and Servos 


Backlash in Servo Systems 


The effect of backlash in servo systems is discussed and 
described in mathematical terms and the various means of 
analyzing it are presented. Examples of the use of the fre- 
quency response (the best method of analysis) are given. 


R. V. Halstenberg, Convair, San Diego Calif.. and P. E. 
Russell, Applied Research Lab., U. of Arizona, Tucson, Ariz. 
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Components, Electrical Electronic Your Classification: 


Switches 
Design Considerations 
Specifications & Standards 


Further Progress in International 
“Rules” on Controlgear 


Progress report on steps taken at the 1958 International 
Electrotechnical Commission meeting in Stockholm to develop 
“Rules” for controlgear. Areas discussed include: temperature 
rise, dielectric tests, clearance and creepage distances and 
enclosures. 


G. W. Heumann 


Electrical Manufacturing 1958 December p 114 2 pp 
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Use Sylvania 
Plated Metal Strip 


Avrouanion-wisz, plating metal 
parts after stamping can be waste 
motion and interrupt flow. Designers 
have found they can often eliminate 
the plating step by starting with plated 
metal strip. Production and assembly 
of parts can then be incorporated into 
continuously automatic production 
lines, smoothly and economically. 
With its unique plating process, 
Sylvania can plate metal strip on a 
single side or on both sides; can plate 
one side heavy, the other side thin; 
and can plate each side with a different material. 

We’ve already plated base metals of steel, stainless, 
brass, bronze, copper, nickel, and aluminum with nickel, 
tin, silver, and copper. Strip up to .040” thick and 10” wide 
can be plated up to .005” thick per side. Some unusual 
combinations are in development to meet special needs— 
maybe you have a custom plating requirement too. 





Let us know your needs or write for our Plated Strip Technical 
Bulletin. Write to: 
SyLvANIA ELEctric Propucts INc. 
Parts Division, Warren, Pa. 


¥ SYLVANIA 


LIGHTING + TELEVISION + RADIO + ELECTRONICS 
PHOTOGRAPHY: ATOMIC ENERGY + CHEMISTRY-METALLURGY 


Circle 106 on page 17 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 
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Research 
Horizons 


Automated Scientific 
Translation System 


Automatic machine systems for trans- 
lations of scientific and engineering 
literature have been under study for 
time. Particular emphasis has 
been laid recently on systems for trans- 
lations from the Russian—an 
reflection of the post-Sputnik upsurge 
of demand for such translations. One 
of the stumbling blocks in the develop- 
ment of Russian-English machine trans- 
lations, however, is the extreme diff- 
culty of evaluating linguistic rules ow- 
ing to the lack of any practical means 
for testing these rules automatically on 
large bodies of text. 

A programming system for the auto- 
matic testing of translation algorithms 
is being proposed and described at the 
1958 Eastern Joint Computer Confer- 
ence, Philadelphia, December 3-5. As 
described by V. E. Giuliano, Harvard 
Computation Laboratory, this system 
accepts as its inputs a set of experi- 
mental translation algorithms, expressed 
in a pseudocode language similar to 
the propositional calculus, and a large 
body of Russian technical text. The 
system applies the algorithms to the 
text and produces, as its output, a read- 
able “trial translation,” which is the 
English text resulting from the appli- 
cation of the given rules to the given 
text. Basis of the system is the asso- 
ciation of algorithms with dictionary 
entries, the automatic specification of 
logical variables, and the 
evaluation of formulas. 

A main component of the proposed 
system is a Russian-English Automatic 
Dictionary now in existence at Harvard. 


some 


obvious 


automatic 


Fibrous Potassium Titanate — 
New High-Temperature Material 


A new high-temperature material with 
possible applications as thermal insula- 
tion, electrical insulation, filtering me- 
dium and gasketing material has been 
synthesized by Du Pont’s Pigments Di- 
vision in the form of a crystalline fi- 
brous potassium titanate. Other appli- 
cation possibilities include use as plas- 
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tics reinforcement and as acoustical in- 
sulation. This material is at present 
available in limited quantities for eval- 
uation purposes. 


Thermal Conductivity of Fibrous 
Potassium Titanate Block 





Trans- 
sity, verse 
Ib/cu {strength 
ft psi 


Thermal conductivity, 
Btu in./sq ft/dea 
F/hr at indicated 

mean temperatures 


500F | 1000F 
0.38 0.53 
0.29 0.35 


Den- 





| 
| 
} 
| 


| 





Electrical Properties of Fibrous 
Potassium Titanate Pressed 
Sheets 





Temper-!| Dielectric) Dissipa- 

ature, | constant, tion 

deg F 100 ke | factor 
77 | 3.5 0.06 
392 3.5 0.06 
572 3.7 0.09 


Resistivity, 
ohm-cm 


3.3 X 1015 
3.2109 
3.4106 





As originally produced, this material 
is in the form of irregular masses of 
lumps or fibers. These can be readily 
processed into blocks or mats, papers 
or loose fibers. Contoured shapes can 
be formed from wet shapes. The ap- 
pended tables provide data for thermal 
insulation and electrical insulation ap- 
plications, respectively. 


Basic Science 
Straw in the Wind 


It is interesting to note the increasing 
content of papers on basic science and 
engineering at meetings of various en- 
gineering societies. This trend is ob- 
viously a reflection of the needs of the 
contemporary design engineer to ac- 
quire and use the fundamental princi- 
ples of the behavior of materials and 
of the theoretical concepts of engineer- 
ing design. 


The 15th Annual Technical Confer- 
ence of the Society of Plastics Engi- 
neers, to be held in New York January 
27-30, is a case in point. While the pro- 
gram contains its normal quota of the 
“hardware” type of paper on mold de- 
sign, molding and_ similar 
subjects, papers will also be presented 
on such topics as: 

“Propylene and Copolvmers of Pro- 
pylene and Ethylene — Synthesis and 
Structure,” Frank C. McGrew, E. I. 
du Pont de Nemours & Co., Inc.: 

“Stereospecific Polymers,” Prof. Giu- 
lio Natta, Polytechnic Institute of Mi- 
lan, Italy; 

“Effect of Gamma Radiation on Plas- 
R. R. Stromberg, B. G. Ach- 
hammer, National Bureau of Stand- 
ards; 

“Relationship of Molecular Structure 
to Electrical Characteristics at Elevated 
Temperatures,” Prof. A. R. von Hippel. 
Massachusetts Institute of Technology: 

“Comparison of Time-Dependent Me- 
chanical Properties of Plastics,” Prof. 
Bryce Maxwell, Princeton University: 
and 

“Effect of Space Conditions on Plas- 
tics,” John J. Lamb, Radio Corp. of 
America. 


processes 


ee 
tics, 


Royalty-Free 

AEC Patents 

Current group of 83 patents released 
to industry by the Atomic Energy 
Commission on a non-exclusive, roy- 
alty-free basis includes the following: 
e Patent No. 2,617,850 covers me- 
chanically strong, shock-proof, vac- 
uum-tight electrode insulators capable 
of withstanding gas pressures of many 
atmospheres under intense neutron 
bombardment, such as may be needed 
in an ionization chamber. The insu- 
lator comprises a bolt within a quartz 
tube, surrounded by a bushing held 
in place by two quartz rings, and 
tightened to a pressure of 1000 psi by 
a nut and washer. To withstand this 
pressure the quartz must be fire- 
polished, lapped to form smooth and 
parallel surfaces, and again fire- 
polished to form an extremely smooth 
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Particie energy Celectron volts) 


Research 
Horizons 





and fracture-resistant mating surface. 
e Patent No. 2.484.519 relates to a 
method of forming a thin coating of 
boron on metallic, glass or other sur- 
The article to be 
heated to a temperature of about 559 
C in an evacuated chamber. Trimethy! 
boron, triethyl boron or _ tripropyl 


faces. coated is 


mmnomResearch Note--—™ 


boron is passed in the vapor phase 


reduced brought 


with the 


and undei pressure 


into contact heated surface. 
Boron is then deposited in a thin film. 
e Patent No. 2,838.66] 
binary storage device 
toggle provided 
proved driver circuits adapted to pro- 
action during 


describes a 
comprising a 
with associated im- 


duce reliable toggle 
clearing of the toggle to one of its 
two states, or transferring information 
into and out of the toggle. The inven- 
tion resides in the development of a 
self-regulating driver circuit to mini- 


mize the fluctuation of the driving 


voltages for the toggle. The driver cir- 
cuit produces two pulses in response 

> “ ” 
pulse: a first or “clear 
substantially the 


to an input 
pulse beginning at 
same time but ending slightly sooner 
than the second or “transfer” output 
pulse. 

e Patent No. 2.839.614 applies to an 
head for 
simultaneous recording of a_ plurality 


electromagnetic recording 


of signals within a small space on a 
The 


structure comprises a nonmag- 


magnetically sensitized medium. 


head 
netic centerpiece provided with only 


first and second groups of spaced 


Capsule Guide to Radiation Effects on Materials 


STUDY OF THE VARIOUS TYPES of nuclear radiation and the effect of 
such radiation on engineering materials can be greatly facilitated 
by a checklist-type of chart such as is presented here. The defini- 
tions of units of radiation that appear below should be equally 


useful 


The information given here is by 


permission of 


energy 


10-'° coulomb) 
ence of 1 volt. 


Hughes electron volt 


Aircraft Company Research Laboratories, Culver City, California. 
and was originally published by Hughes in booklet form 


Units of Radiation 


e ELECTRON VOLT: The 


most 


commonly 


for individual particles is the 


electron volt. This is the 


energy that a particle with the charge of one electron (1.6 
acquires after passing through a potential differ- 


ergs 1.6 10-19 joules 


10°°" gram-calories 


e CURIE: This is a unit used for giving the strength of a 
radioactive source in terms of the number of disintegrations in 


used 


unit of the source per second. One curie is equal to 3.7 


< 10!° disinte- 





Y RAYS FROM 
COSMIC RAYS 


Part Accel. 


X-RAYS 
y RAY . 
stacbeeaties X-Ray 
Mach. 
Radioactive 
Nuclei 


VISIBLE LIGHT 


INFRARED & HEAT W 


Fission & Fusion 
Reactions 


frequency of electromagnetic waves 


MICROWAVE 


FM & TV Bands 


RADIO WAVES 


Broadcast & S.W. 


PHOTONS 


COSMIC RAYS COSMIC RAYS 


LINEAR ACCEL 
SYNCHROTRONS 





B-RAYS FROM 
RADIOACTIVE NUCLEI 
(ELECTRONS & POSITRONS 


ELECTRON BEAMS 
IN VACUUM TUBES 





FREE ELECTRONS 
IN METALS 


| 
ELECTRONS 


| NEUTRONS 


| & POSITRONS 


Approx. Threshold for 
Producing lonization 


PRIMARY COSMIC RAYS 


BEVATRON 


CYCLOTRON 





FISSION 
& FUSION 
REACTIONS 


EPITHERMAL 


NEUTRONS GASEOUS DISCHARGES 


IN HYDROGEN 


THERMAL ENERGIES 


PROTONS 


Approx. Threshold for 
Atomic Displacements 
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cut-out slots respectively 
sides of the centerpiece. The two 
groups of slots are in parallel align- 


on opposite 


ment, staggered so that one slot is not 
directly Each 
slot has a magnet pole piece disposed 


opposite another slot. 


therein and cooperating with a second 
pole and coil to provide a magnetic 
flux gap at the upper end of the slot. 
\s a tape is drawn over the upper end 
of the centerpiece the individual mag- 
netic circuits are disposed along its 


New Standards for 
Capacitance Measurements 
Design of new equipmeni tor ine pre- 
cise intercomparison of small capaci- 
tors has been recently completed at 
the National Bureau of Standards. The 
equipment comprises a special 3-wind- 
ing transformer and a bank of very 
stable capacitors which are combined 
to balance the unknown capacitance. 
This equipment has been found to im- 
prove both the sensitivity and precision 


also been constructed. Its design, based 

discovered theorem in 
electrostatics,* allows its value to be 
calculated in terms of a single meas- 
ured length. The uncertainty in the 
value assigned to this standard does 
not greatly exceed one part in a mil- 
lion. 

Both the bridge techniques and the 
calculable standard offer not only im- 
mediate gains in the accuracy of ca- 
pacitance measurement, but also pro- 


on a recently 


width to means for simul- 


taneously 


prov ide 
recording information on 


separate portions or tracks of the tape. 


grations per sec. It is to be noted that each disintegration may 


produce one or many photons and particles. 


e ROENTGEN: This unit represents that quantity of X or 


gamma radiation which is effective in producing 1 esu of ions of 
either sign, including all secondaries, in 1 ce of dry air at 0 ¢ 
and 760 mm Hg. An alternate definition, based on the average 
energy of 32.5 ev that must be expended in producing an ion pair, 
is that 1 roentgen corresponds to the absorption of 5.24 « 10! 
ev, or 83 ergs of energy, per gram of air. For gamma rays with 
an energy of 1 mev, we can approximately express the flux in 
terms of roentgens per unit time. 


1 roentgen/hr 5 10° gammas/cm?-sec 








PRIMARY COSMIC RAYS 


PRIMARY COSMIC RAYS 


PARTICLE ACCEL 


FISSION & FUSION 
REACTIONS 


GASEOUS DISCHARGES 
IN HYDROGEN 
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ALPHA PARTICLES 


Approx. Threshold for 
Nuclear Transmutations 
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of the capacitance measurements made 
by the NBS laboratories. An improved 
absolute standard of capacitance has 


***A New Theorem in Electrostatics and its Ap- 
plication to Calculable Standards of Capacitance,” 
4. M. Thompson and D. G. Lampard, Nature 177, 
p 888, 1956. 


Since the quantity of ionization will depend strongly on the ionized 
material and the type and energy of the radiation, the roentgen is 
a measure of energy absorption and not a measure of flux. 

Although the roentgen was originally defined as a measure of the 
absorption of X and gamma rays in air, the concept involved in the 
definition has been extended to define two other units of radiation 
which are called the Roentgen Equivalent Physical, or REP, and 
Roentgen Equivalent Man, REM. 


e REP: That quantity of any type of ionizing radiation which 
will result in the absorption in a substance of interest of 83 ergs 
per gram. 


e REM: That amount of any ionizing radiation which, when 
absorbed by living tissue, produces an effect biologically equivalent 
to the absorption of one roentgen of X or gamma radiation at 
100 kev. 


e REB: (Radiation Equivalent Biological): Same as REV. 


e RBE: Biological damage depends not only on the rate or 
total dose, but also upon the specific ionization along the path of 
the incident particle. Particles with higher density of ionization 
generally have greater biological effectiveness. 


Relative Biological Effectiveness 


Particle 


X-rays, gamma rays, beta rays ] 
Protons 5 
Alpha particles , 10 
Fast neutrons 10 
Thermal neutrons 5 


In terms of the Relative Biological Effectiveness, the REP and 
REM are related by 
REP 


REM = 
RBE 


e RAD: Unit of absorbed radiation dose equivalent to an 
energy deposition of 100 ergs/gm. The rad is a measure of the 
energy imparted to matter by ionizing radiation per unit mass of 
irradiated material at the place of interest. 


e ERG/CM2?2-GM: Unit of radiation equivalent to 1/100 of 
a rad. 


e@ FLUX: Number of particles crossing a unit area per unit 
time. The commonly used unit of flux is particles/em?-sec. Inte- 
grated flux after an exposure of time T is equal to the total num- 
ber of particles which have traversed a unit area in the time T. 


e NV: for neutrons, flux is generally given as NV, where N is 
the number of neutrons per cm*, and V is the average velocity of 
the neutrons. 


e NVT: Integrated neutron flux. Total number of neutrons 
through 1 cm? of area in time T. 


e GAMMA FLUX: Usually given in photons/cm?-sec. The 
relation between this and flux expressed in roentgens per hour 
depends upon the energy of the radiation. 
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Research 
Horizons 





vide an opportunity for an absolute 
ohm determination in terms of capaci- 
tance and frequency. By this method, 
NBS hopes to improve the value as- 
signed to the primary standard of 
resistance, which is presently based 
on a calculable inductance and _fre- 
quency. Work toward this goal is in 
preliminary stages. 


Uniform Form for Study 
of Nuclear Radiation Effects 


A uniform tabulation for studying nu- 
clear radiation behavior of materials 
is an important need in this area of 
research. The adoption of such forms, 
it is felt, would, among other things, 
greatly assist the organization of test 
data and evaluations from various 
sources. The following form (Source: 
Philipp H. Klein, General Electric Com- 
pany, Electronics Laboratory, Syracuse, 
N.Y.) has been suggested in connection 
with AIEE discussion: 


Proposed Tabular Form for Studying Nuclear Radiation 


Behavior of Dielectric Materials 





1. Chemical Structure: 
2. Density: 


3. Rads per 
1-Mev gamma photon/cm?: 
1-Mev electron/cm?: 
1-Mev neutron/cm?: 
Thermal neutron/cm?: 


Reference: 
Radiation source (with indication of 
spectrum): 
Source intensity: 
—--—— = —— rad/hr. 
Temperature: 
Atmosphere: 
Impurities or fillers in sample 
(state proportion): 
Sample size: 
. Electrical Properties (tables, combined 
where feasible): 


oomdresearch Note 


IN THE ENDLESS SEARCH for sources of 
energy, the fuel cell has always been within 
the realm of possibility but never fully 
developed or reduced to hardware. The 
requirements of power supply systems for 
space vehicles (particularly the need for 
compactness and simplicity of operation) 


Fig. 1—Fuel cell uses hydrogen and oxy- 
gen gases in the direct conversion of a 
chemical process into electrical energy. 
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Resistivity 
Electric strength 
Dielectric constant 
Arc resistance 


6. Thermal Properties: 
Thermal conductivity 
Thermal expansion 
Specific heat 
Melting or softening point 
7. Mechanical Properties: 
Tensile strength 
Elastic modulus 
Abrasion resistance 
8. Miscellaneous Properties: 
Density 
Water absorption 
Gas evolution (yield) 
Gas evolution (analysis) 
Viscosity (where applicable) 
Other “‘optional’’ properties 


|Reported during, 
immediately 
after, and long 
after exposure 


Resurgence of the Fuel Cell 


have recently led to increased activity 
in the development of a practical, workable 
fuel cell. 

@ Work has been done particularly by re- 
search engineers at Allis-Chalmers, and 
they have with the 24-volt, 30- 
watt unit powered by hydrogen and oxygen 
shown in Fig. & 

e As a device to provide electric power, 
the fuel cell resembles the storage battery. 
It consists of electrodes and an electro- 
lyte. However, instead of storing the energy 
it creates, the fuel cell instantaneously 
converts chemical energy to electric energy. 
In effect, the load actually becomes a 
part of the transfer of electrons involved 
in the chemical] process. 

e As shown in Fig. 2, hydrogen gas is 
absorbed onto a catalyst which forms the 
anode electrode. At the electrode the hydro- 
gen becomes activated, reacts with OH ions 
from the electrolyte and, in so doing, gives 
up an electron. The freed electron circu- 
lates through the external load, thus pro- 
viding the energy to light the lamps, and 
returns to the cathode upon which acti- 
vated oxygen molecules have been absorbed. 
The oxygen then reacts with the electron 
from the external circuit and with the 
electrolyte to reform the ion that dis- 
appeared at the anode. The overall reac- 
tion is the combination of hydrogen and 
oxygen to yield water. 


come up 


“The World is Too Much 
With Us” Department 


If you sometimes wonder where science, 
technology and the spirit of man are 
taking us, you may want to take a 
peek into the living room of the “dream 
house” of an eminent industrial design- 
er. Here’s how Henry Dreyfus, at Mc- 
Calls’ “Congress on Better Living.” 
Washington, D. C., October 7, looks 
into our brave new future world: 


“My dream living room is my enter- 
tainment center. In one unit are my 
TV set, some movie and slide equip- 
ment. TV shows, movies of the kids 
and slides of our trip through the 
Rockies are projected—in 3D color— 
on a wall kept clear for the purpose. 
And if a drama or ball game seems 
memorable enough to preserve, our 
movie equipment takes it right off 
the wall and puts it on a reel... 
Our TV equipment is tied in with a 
complete internal and external com- 
munications system. Each room has 
a telephone unit that handles outside 
calls and household intercom; when 
the doorbell rings, we can not only 
ask “Who’s there?” from any room, 
we can get an answer and see the 
caller.” 
Well. we're old fashioned. We still 
like people to ring our bell, and we 
like to open our door ourselves, shake 


— A.E.J. 


hands and say, “Hello! 


Cathode _ + j=-8" Anode 
electrode 7 is electrode 
~ * 

Electrolyte M 
O2 (K* OH” H,0) He 
ny} H20 
02} 0 1H, 





i, 


+ 


Oz He 























Fig. 2—Schematic diagram 
tion of a fuel cell. 


of the opera- 


@ One of the fuel cell’s advantages is, of 
course, its efficiency. There is a direct 
transfer of energy from the chemical reac- 
tion to the electric power with no inter- 
vening heat cycle to waste energy. It is 
thus possible to achieve efficiencies on the 
order of 90 per cent. 

e@ There are many possibilities for the use 
of a commercial fuel cell in industrial 
applications. Direct current for adjustable 
speed motors and as a source of power 
for peak loads are two considerations. By 
using off-peak facilities to produce hydro- 
gen and oxygen, power companies could 
store and transfer the gases for use any- 
where that a fuel cell arrangement was 
established. —J. R. R. 
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Arwoees 


NEW > AK" 


telephone type direct current 


S&S RE. Ay 
AF,’ with 
pO 


*TAPER TAB 
WIRE WRAP 
PRINTED CIRCUIT 


TERMINALS 


for industrial applications 


Another FIRST for Kellogg in the relay field 


Three Terminals...in one design 


rhe “AK relay is highly sensitive, adaptable for COIL CHARACTERISTICS 
marginal operation and provides fast closing and 
opening of a maximum number of circuits. Its long 
coil construction permits the use of high resistance 
coils and it may be engineered to operate on as CONTACT ASSEMBLY 

little as .002 amps. Delay in the opening and closing Single or double pile-up 

times may be provided through use of copper- Forms “A™ to “E” ; 
slugged coils. Time delay relays are designated as Ft har py se 9 se 
Type AKSO (slow operate) and Type AKSR (slow Standard terminals also available 
release). 


Operating Voltage—Up to 230 volts D.C, 
Single or double wound 


= nag a OPERATE AND RELEASE TIME 
Inquiries are invited. Send for a free catalog on ig 
.002 sec. minimum operate 


relays and other components manufactured by ‘100 sec. maximum operate delay 
Kellogg. Kellogg Switchboard and Supply Com- 400 sec. maximum release delay 
pany, 6650 South Cicero Avenue, Chicago 38, IlIli- 
nois. Division of International Telephone and 
Telegraph Corporation. 


WEIGHT 


8—12 oz. net (approx.) 


*Replacement when soldering is necessary. 


KELLOGG au 


Manufacturers of: 
@ Relays e Hermetically sealed relays 
@ Switches e Solenoids 
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WEVGO 


STRAIN RELIEF 
BUSHINGS 


insulate & Anchor 
power supply cords 


standard 
& special 
wires & 
cables— 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 


HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


AVES 


Circle 327 on page 17 


Servos with Human Elements 

The human element has always been 
one of the weak points in successful 
servo operation — particularly in mili- 
tary equipment, where the error intro- 
offset all the 
| mechanical precision in the world that 
may built into the equip- 
ment. It has always been maintained. 


| duced by one man can 


have been 
of course, that the weakness in the hu- 
man link is in the 
sponses that are controlled consciously 
by the brain) and that the body itself 
functions well automatically. As 
proof of this point, we cite the New 
York Times report of a development 
at Columbia-Presbyterian Medical Cen- 
| ter in which the automatic responses of 
a premature baby are being used in a 
closed-loop servo to control the baby’s 


brain (or in re- 


very 


| body temperature. 
The source of heat used in this incu- 
infra-red, because of 
the body’s high sensitivity and rapid 
response to this type of heat. A thermo- 
static element is taped to the baby’s 
upper abdomen to sense the tempera- 
ture of the skin, turning the infra-red 
source off or on to keep the surface 
temperature at 97 F. (it has been de- 
|termined that a skin temperature of 
97 F means that the internal tempera- 
ture is the required normal 98.6 F.) 
As the infant's condition improves, of 


bator is chosen 


course, and it becomes more and more 
able to generate its own heat, the on- 
| time of the heat source is automatically 
regulated. 


J.R.R. 


Broad Uses of Computers 
|Noted in Europe 


How broad and diverse are the appli- 
cations of computers in Europe? From 
information received by our correspon- 
dent in England it is apparent that such 
applications are far more extensive 
than generally believed to be in this 
country. This conclusion is reached by 
an examination of the titles of a long 
list of papers scheduled for presenta- 
tion at the Business Computers Sym- 
posium in London, December 2 and 3. 


Pius or Minus 


Random Comments of the Editors and Readers 


The applications for computers encom- 
pass many areas of business, commerce 
and industry. with some papers dealing 
with the uses of computers as engineer- 
ing tools: 

“Computers: Retrospect and Pros- 
pect,” Earl of Halsbury, 
Director, National Research 
ment Corp. “Payroll and Production 
Applications,” N. C. Pollock, Manager 
O & M Dept., Stewarts and Lloyds Ltd. 
“The Computer as an Aid to Produc- 
tion Management,” J. W. Grant, Man- 
ager, Production Control Section, The 
British Tabulating Machine Co. Ltd. 
“Computer Services in the United King- 
dom,” D. Wragge-Morley,. Scientific Cor- 
respondent. The Financial Times. 
“Large Scale File Maintenance.” D. 
G. Pedder, Radio Rentals Ltd. “Tech- 
nical Planning of Steel Tube Manufac- 
ture.” R. G. Hitchcock, Executive Of- 
ficer, Computer 


Managing 
Develop- 


Steering Committee. 
Tube Investments Ltd. “Public Utility 
Accounting.” G. Sherlock, Deputy Ac- 
countant (Mechanisation), South West- 
ern Gas Board. “Electronic Data Proc- 
essing in the National Industries,” Chief 
Organising Accountant, National Coal 
Board. “Inventory, Control, Account- 
ing and Payroll,” A. Bradley, Head. 
Administration Department, Ford Motor 
Co. Ltd. 

“Production Control by Buying Com- 
puter Time.” R. B. Baggett. Joint Man- 
aging Director, Job White & Sons Ltd. 
“Accounting for Farmer’s Sugar Beet 
Production,” J. P. Lawler, Chief Ac- 
The Irish Sugar Co. Ltd. 
“Electronics in Banking,” Clearing 
Bankers Electronic Sub-Committee. 
“Merchandise Accounting,” D._ S. 
Greensmith, General Office Manager, 
Boots Pure Drug Co. Ltd. “Stores Con- 
trol and Control by Exception,” K. F. 
Turner, Chief Computing Engineer, 
Rolls Royce Ltd. “Computers for Re- 
search and Design,” L. Griffiths, Secre- 
tary of Computer Investigation Com- 
mittee, Rolls Royce Ltd. “Technique for 
Statistical Analysis of Family Expen- 
diture,” M. A. Wright, Control Mechan- 
isms and Electronics Division, National 
Physical Laboratory. 

“Government Experience,” J. Mer- 


countant, 
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SANBORN 





Transducers 


FOR LINEAR MEASUREMENTS... 





DISPLACEMENT 
LINEARSYN Differential Transformers 


Six series of Sanborn Linearsyns — three 
of the shielded type, three unshielded — 
are available, with five models in each 
series. Linearity is better than 1% of full 
scale output in all models. Temperature 
range is from —50° to 205°F. 

Special design features include coil assem- 
blies hermetically sealed in epoxy, lami- 
nated phenolic jackets (unshielded types) 
or heavy plated steel jackets (shielded 
types), improved lead wire strain relief, 


Typical Linearsyn Characteristics 


Sensitivities® 
(Volts/inch 
per volt of 
Series® Strokes* excitation at 
(Unshielded) (Shielded) ( Inches) std. carrier freq.) 
5750T S850T .050-1.00 400cps - 10kc 56 - 3.70 
576DT 5860T 050-100 60cps-400cps 70- 90 
5900T 5S95DT .005-.100 400cps-20ke 160-2.60 
*Maximum and minimum values available within each series; data on 


Freq. Ranges 


individual models on request 
high permeability alloy cores. Models with 

axial leads are also available on special 

order. Within each series all models have 

identical diameters, tap sizes, lead wires; 

only the lengths of coil assemblies and 

cores vary. 








VELOCITY 


LVsyn Velocity Transducers 


LVsyn pickups may be used to measure 
linear velocity directly, displacement with a 
simple integrating circuit, or acceleration 
with a differentiating circuit. There are 
twenty-four models, all self-generating 
with shielded cylindrical coil assemblies Displacement Electrical Characteristics 
and high coercive force permanent mag- gg, emnay Mazin” Yonge lta egedence, 
nets. Twelve models use regular magnet Range Stroke mv/inch Rphms. Lhenrys 
cores; twelve have non-breakable magnet —ia i = n-ee 
cores. Characteristics of the two groups 6Lv2* 20 34 500 19,000 24 
are the same except for output sensitivity, py o Ry: a — = 
core length and weight. Features include *Four of the twenty-four models available, selected to show 
high sensitivity, single-ended or push-pull minimum, approximate mid-range and maximum working 
output, accurate and stable calibration, {ar tragnet core model (OLVZ) end non brechable magnet 
unlimited resolution, wide range of sensi- Core motel (OLVE-N). 

tivities and sizes, temperature range of 

—50° to 200°F. They can be immersed in 

hydraulic fluid. No mechanical connec- 

tion between coil and core permits low 

friction level. End stops or displacement 

limits not needed; undamaged if limits 

are extended. 


Typical LVsyn Characteristics 





























NEW! 


MPLETE 
CISPLACEMENT TR. 


style, 











a for MULTI-CHANNEL RECORDING 7 ' 7 
ifferential tron 


uses 4 3 adapter for 


“Te Sanborn direct writing systems now include 1- to 8-channel 150” Series, with a choice of 


12 plug-in Preamplifiers; new single-cabinet, compact 6- and 8-channel 350" and ‘’850°’ 
Series with interchangeable Preamplifiers, flush-front recorder with electrical pushbutton 
chart speed control and transistorized Power Amplifiers, and numerous features for high 
reliability and operating convenience. 
For complete facts, call your local Sanborn Industrial Sales-Engineering Representative or 
write the Industrial Division in Waltham. 

(All data subject to change without notice) 


SANBORN COMPANY 


Industrial Division 
175 Wyman Street, Waltham 54, Mass. 


mounting? 
cable. 
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J SHOCKLEY 4-LAYER TRANSISTOR DIODE* 
SIMPLIFIES SWITCHING CIRCUITRY FOR 
COMPUTERS, TELEPHONY, CONTROL 


HERE’S HOW 
Le) 
a 


= he 


2-terminal ...with 4 layers, ...can replace conjugate 
switching diode alternate n and p type structure of 5 components 


RANGE OF CHARACTERISTICS —=® “on” resistance) . <20 ohms 
(from 1—3 amps., voltage <1 volt 

» (breakdown voltage) . 20-100v plus 0.2 to 1.5 ohms times current) 

» (breakdown current) . <500 yva Dissipation - + « »« &100mw 
V, (holding voltage) . . . <2V Time to close . .. <0.l usec 
1, (holding current) . . <50 ma Time to open . . . <0.2 usec 


STANDARD TYPES AVAILABLE FOR DELIVERY NOW 
Vv, \, Vv, I, R, 
No. Volts “a Volts ma ohms 
4N20D 20+5 < 500 <2 <50 < 10 
4N30D 30+5 < 500 <2 <50 <10 
4N40D 40+5 < 500 <2 <50 <10 
4N50D 50+5 < 500 <2 < 50 <10 





ENGINEERING DATA AND ASSISTANCE 


Our engineering staff, under the direction of Dr. William Shockley, 
will undertake circuit problems in typical applications such as: 
sawtooth oscillators, pulse generators, bistable circuits, ring 
counters and various switching functions. Special types of 
transistor diodes are being developed to individual specifications. 
Technical information on request. Write to Dept. 1A-10 

*Invented at Bell Telephone Laboratories 


/ 
Shockley) transistor Corporation 


1117 California Avenue, Palo Alto, Calif. 


A SUBSIDIARY OF BECKMAN INSTRUMENTS, INC. 
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riman, O & M Division, H. M. Treas- 
ury. “Application of Linear Program- 
ming to the Design of Animal Feeding 
Stuffs,” A. Muir, J. Bibby & Co. Ltd. 
“Integrating the Procedures of an In- 
surance Office,” K. E. Schang, Man- 
aging Director, A. B. Datacentralen, 
Trygg-Fylgia Insurance Co.’s Group, 
Sweden. “The Approach to EDP of a 
Large User,” S. G. Furniss, Imperial 
Chemical Industries Ltd. “A Practical 
Application in Commerce,” (In prepar- 
ation—details to be announced later). 
“Analysis of Sales Statistics,’ C. A. 
Wilkes, Imperial Chemical Industries 
Ltd. “Wages Accounting,” W. H. Sar- 
gent, Central Wages Executive, British 
Railways—Western Region. “Industrial 
Mathematics,” D. G. Owen, Operations 
Research and Cybernetics Division, 
United Steel Companies Ltd. “Electron- 
ic Data Processing,” A. J. Brookbank, 
Sales Office Manager, Glaxo Labora- 
tories Ltd. 


Magnetic Amplifier Nomograph. 
In our October issue there appeared a 
nomograph and a method for rapid 
selection of magnetic amplifiers. Un- 
fortunately an error occurred in the 
first illustrative problem, p 80. The 
fourth step should be stated as follows: 
“Draw a line from the figure of merit 
value on Scale A through the 3-cycle 
point on Scale B to Scale ¢ 


THIS MONTH’S COVER 


PD eeenrent 
\lanufacturing 


Testing of large systems demands a 
sophisticated approach to instrumentation 
techniques. Our cover this month signifies 
the extent and variety of instrumentation 
involved in a systems test. The related 
feature article, “Final Performance Test- 
ing of a Large Guided Missile” (page 
16), provides some insight into the inte- 
grated complex of test equipment and 
techniques required for the Jupiter mis- 
sile. 
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OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS | 


Klectrical 


Manufacturing 






ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Advertised Products 


Circle key numbers of those advertisements if i 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 130 


New Literature 


Latest catalog and bulletin offerings starting 
on page 214 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 236. 


Cards will be processed by publisher 
if received by February |, 1959 












































ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 128 155 182 209 236 263 | 290 317 344 371 398 425 452 476 483 510 527 544 561 578 595 612 | 625 642 659 676 693 | 701 718 735 
102 129 158 183 210 237 264 291 318 345 372 399 426 453 477 494 S11 S28 545 562 579 596 613 | 626 643 660 677 694 | 702 719 736 
103 130 157 184 211 238 265 282 318 346 373 400 427 454 478 495 S12 S29 S46 563 580 597 614 | 627 644 661 678 695 | 703 720 737 
104 131 158 185 212 239 266 283 320 347 374 401 428 455 479 496 513 530 547 564 581 598 615 | 628 645 662 679 696 | 704 721 738 
105 132 158 186 213 248 267 | 294 321 348 375 402 429 456 480 497 S14 531 S48 565 582 S589 GIG | 629 646 663 680 697 | 705 722 739 
106 133 160 187 214 241 268 | 295 322 349 376 403 430 457 481 498 515 532 049 S68 583 G00 617 | 630 647 664 681 G98 | 706 723 740 
107 134 161 188 215 242 269 | 296 323 350 377 404 431 458 482 499 S16 533 550 S67 584 601 618 | 631 648 G65 G82 G99 | 707 724 741 
108 135 162 1189 216 243 270 287 324 351 378 405 432 459 483 S00 S17 534 S51 568 585 602 619 | 632 649 666 683 700 | 708 725 742 
109 136 163 190 217 244 271 298 325 352 379 406 433 460 484 501 518 535 552 569 586 603 620 | 633 650 667 684 708 726 743 
110 137 164 191 218 245 272 | 289 326 353 380 407 434 461 485 502 519 536 553 570 587 604 621 | 634 651 666 685 710 727 744 
111 138 165 192 219 246 273 | 300 327 354 381 408 435 462 486 503 520 537 554 571 S88 605 622 | 635 652 669 6a6 711 728 745 
112 139 166 183 220 247 274 | 301 328 355 382 408 436 463 487 504 521 538 555 572 589 606 623 | 636 653 670 687 712 729 746 
113 140 167 194 221 248 275 302° 329 356 383 410 437 464 488 505 522 539 S56 573 590 607 624 | 637 654 671 688 713 730 747 
114 #141 #168 #195 222 #249 276 303 330 357 384 411 438 465 488 S506 523 540 557 574 591 608 638 655 672 689 714 731 748 
115 142 168 196 223 250 277 304 331 358 385 412 439 466 490 S07 S24 541 S58 S75 592 609 639 656 673 690 715 732 749 
116 143 170 197 224 251 278 305 332 359 386 413 440 467 491 508 S25 542 559 S76 593 610 640 657 674 691 716 733 750 
117 #144 171 #198 225 252 279 306 333 360 387 414 441 468 482 S508 526 543 560 577 594 611 641 658 675 692 717 734 751 
118 145 172 188 226 253 280 307 334 361 388 415 442 469 
119 146 173 200 227 254 281 308 335 362 389 416 443 470 ( I 2) 
120 147 174 201 228 255 282 | 309 336 363 390 417 444 471 Individual 
121 #148 #175 #202 #228 #256 283 310 337 #364 391 #418 445 472 
122 149 176 203 230 257 284 | 311 338 365 392 419 446 473 | Title Dept. or Div. 
123 150 177 204 231 258 285 | 312 339 366 383 420 447 474 
124 151 178 205 232 259 286 | 313 340 367 394 421 448 475 | COmPony 
125 152 178 206 233 266 287 | 314 341 368 385 422 449 
126 153 180 207 234 261 288 | 315 342 369 396 423 450 ane oy ma 
127 154 181 208 235 262 289 | 316 343 370 387 424 451 

Principal Product Manufactured 
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Principal 


Product Manufactured 


ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 128 155 182 208 236 263 | 290 317 344 371 398 425 452 | | 476 493 510 527 544 561 578 59S 612 | 625 642 659 676 693 | 701 718 735 
102 129 156 183 210 237 264 | 281 318 345 372 399 426 453 | | 477 494 511 528 545 562 S79 596 613 | 626 643 660 677 694 | 702 719 736 
103 130 157 184 211 238 265 | 292 319 346 373 400 427 454 | | 478 495 512 529 S46 563 580 597 614 | 627 644 661 678 695 | 703 720 737 
104 131 158 185 212 239 266 | 293 320 347 374 401 428 455 | | 479 496 513 530 547 S64 581 598 615 | 628 645 662 679 696 | 704 721 738 
105 132 159 186 213 240 267 | 284 321 348 375 402 429 456 | | 480 497 514 531 548 565 S82 S99 616 | 629 646 663 680 697 | 705 722 739 
106 133 160 187 214 241 268 | 295 322 349 376 403 430 457 | | 481 498 515 S32 549 S66 583 600 617 | 630 647 664 681 688 | 706 723 740 
107 134 161 188 215 242 269 | 296 350 377 404 431 458 | | 482 499 516 533 550 S67 584 601 618 | 631 648 G65 682 699 | 707 724 741 
108 135 162 189 216 243 270 | 297 351 378 #405 432 459 483 500 517 534 551 568 585 602 619 | 632 649 666 683 700 | 708 725 742 
109 136 163 190 217 244 271 | 298 352 379 406 433 460 | | 484 501 518 535 552 569 S86 603 620 | 633 650 667 684 709 726 743 
110 137 #164 191 218 245 272 299 326 353 380 407 434 461 485 502 519 536 553 570 S87 604 621 | 634 651 668 685 710 727 744 
111 138 165 182 219 248 273 327 354 381 408 435 462 | | 486 503 520 537 554 571 588 GOS G22 | 635 652 669 686 711 728 745 
112 139 166 183 220 247 274 | 301 328 355 382 409 436 463 | | 487 504 521 538 555 572 589 606 623 | 636 653 670 687 712 729 746 
113 140 167 194 221 248 275 | 302 329 356 410 437 464 | | 428 505 522 539 556 573 590 607 624 | 637 654 671 GBB 713 730 747 
114 141 168 195 222 249 276 303 330 357 384 411 #438 465 489 506 523 540 557 574 591 608 638 655 672 689 714 731 748 
115 142 169 196 223 250 277 | 304 331 358 412 439 466 | | 490 507 524 541 558 575 592 609 639 656 673 690 715 732 749 
116 143 170 197 224 251 278 | 305 359 386 413 440 467 | | 491 508 525 542 559 576 593 610 640 657 674 691 716 733 750 
117 144 171 198 252 279 | 306 333 360 387 414 441 468 | | 492 509 526 543 560 577 594 611 641 658 675 692 717 734 751 
118 145 172 199 226 253 280 | 307 334 361 388 415 442 469 (12) 
119 146 173 200 227 254 281 | 306 335 362 389 416 443 470 
120 147 174 201 228 255 282 | 308 336 363 390 417 444 471 Individual 
121 148 175 202 229 256 283 | 310 337 364 391 418 445 472 
122 149 176 203 230 257 284 | 311 338 365 392 419 446 473 | Title Dept. or Div. 
123 150 177 204 231 258 285 | 312 339 366 393 420 447 474 |) Te 
124 151 178 205 232 259 286 | 313 340 367 421 448 47s | Company 
125 152 179 206 233 260 287 | 314 341 368 395 422 449 
126 153 180 207 234 261 288 | 315 342 369 423 450 ens =v “me 
127 154 181 208 235 262 289 | 316 343 370 397 424 451 
Principal Product Manufactured 
ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 128 15S 182 209 236 263 | 290 317 344 371 398 425 452 | | 476 493 10 S27 544 S61 578 SSS G12 | 625 642 659 676 693 | 701 718 735 
102 129 156 183 210 237 264 | 291 318 345 372 399 426 453 | | 477 494 511 528 S45 S62 579 596 613 | 626 643 660 677 694 | 702 719 736 
103 130 157 184 211 238 265 | 282 319 346 373 400 427 454 | | 478 495 512 529 S46 S63 S80 S97 614 | 627 644 661 678 68S | 703 720 737 
104 131 158 185 212 239 266 | 283 320 347 374 401 428 455 | | 479 496 513 530 547 564 581 S98 615 | 628 645 662 679 696 | 704 721 738 
105 132 159 186 213 240 267 | 294 321 348 375 402 429 456 | | 480 497 514 531 548 S65 S82 S99 616 | 629 646 663 G80 697 | 705 722 739 
106 133 160 187 214 241 268 | 295 322 349 376 403 430 457 | | 481 498 515 532 S49 $66 583 G00 617 | 630 647 664 681 688 | 706 723 740 
107 134 161 188 215 242 269 | 296 323 350 377 404 431 458 | | 482 499 516 533 550 567 584 G01 618 | 631 648 G65 682 G99 | 707 724 741 
108 135 162 188 216 243 270 | 297 324 351 378 405 432 459 483 500 517 534 S51 568 S85 602 619 | 632 649 666 683 700 | 708 725 742 
109 136 163 190 217 244 271 | 298 325 352 379 406 433 460 | | 484 501 518 S35 552 S69 586 603 620 | 633 650 667 684 709 726 743 
110 137 164 191 218 245 272 | 299 326 353 380 407 434 461 | | 485 S02 519 S36 553 S70 587 604 621 | 634 651 668 685 710 727 744 
111 138 165 192 219 246 273 327 354 381 408 435 462 | | 486 S03 520 537 554 571 588 60S 622 | 635 652 669 686 711 728 745 
112 139 166 193 220 247 274 | 301 328 355 382 409 436 463 | | 487 504 521 538 555 572 589 606 623 | 636 653 670 687 712 729 746 
“113 140 167 194 221 248 275 | 302 329 356 383 410 437 464 | | 488 505 522 539 S56 573 590 607 624 | 637 654 671 Ge8 713 730 747 
‘1414 141 168 195 222 249 276 | 303 330 357 384 411 438 465 | | 489 S06 523 540 557 574 591 608 638 65S 672 689 714 731 748 
115 142 169 196 223 250 277 331 358 385 412 439 466 | | 490 507 524 541 558 S75 592 609 639 656 673 690 715 732 749 
116 143 170 197 224 251 278 | 305 332 359 386 413 440 467 | | 491 S08 525 542 559 576 593 610 640 657 674 691 716 733 750 
117 144 171 198 225 252 279 333 360 387 414 441 468 | | 492 S09 526 543 560 577 594 611 641 658 675 682 717 734 751 
118 145 172 199 226 253 280 | 307 334 361 415 442 469 
119 146 173 200 227 254 281 | 308 335 362 389 416 443 470 (12) 
120 147 174 201 228 255 282 | 309 336 363 390 417 444 471 | Individual 
121 148 175 202 229 256 283 | 310 337 364 391 418 445 472 
122 149 176 203 230 257 264 | 311 338 365 392 419 446 473 | Title Dept. or Div. 
123 180 177 204 231 258 285 | 312 339 366 393 420 447 474 
124 151 178 205 232 259 286 | 313 340 367 421 448 47s | Compory 
125 152 179 206 233 260 287 | 314 341 368 395 422 449 
126 153 180 207 234 261 288 | 315 342 369 423 450 one sd _ 
127 154 181 208 235 262 269 | 316 343 370 397 424 451 
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Inquiry Cards from any page in issue 


Electrical 


Manufacturing 





ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by February |, 1959 





READER 
INQUIRY 
SERVICE 














Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 130 


New Literature 


Latest catalog and bulletin offerings starting 
on page 214 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 236 
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NEW YORK, N. Y. 
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No Postage Stamp Necessary if Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORE, 20, N. Y. 
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Naugatuck VIBRIN LIQUID POLYESTER RESINS 


NEW POTTING COMPOUND 
COSTS YOU LESS! 





Compare these costs! 


GENERAL-PURPOSE NEW 
POLYESTER VIBRIN X-1O88B 


Specific gravity 1.12 Specific gravity 1.04 
Lbs. per drum 500 Lbs. per drum 464 
Cost at $.34/ib. $170 Cost at $.34/ib. $157.76 

Saving per drum $12.24 


Equivalent saving 
per pound $.0245 


New VIBRIN X-1088B is a proven coating and potting compound that offers all these cost- 
saving features: 


costs less to use than general-purpose gives low shrinkage and low exotherm 
polyester. Lower specific gravity means less 


permits controlled gel and cure 
cost per volume, less cost per part 


low viscosity gives high filler capacity with 


costs far less than epoxies é ‘ 
ease of impregnation 


reduces cure time considerably 


Need unusual heat resistance? VIBRIN 136A gives excellent protection at sustained tempera- 
tures of 500° F—intermittent service up to 1000°F! 


Whatever your product, whatever the potting compound you now use, better look into VIBRIN® 
potting resins thoroughly. See for yourself how you'll save! 


United States Rubber 


e . - 1249V Elm Street 
Naugatuck Chemical Division navgatuck, Connecticut 


Rubber Chemicals * Synthetic Rubber « Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 





DIST. OFFICES: Akron * Boston * Gastonia * Chicago * Los Angeles * Memphis * New York * Phila. * CANADA: Naugatuck Chemicals, Elmira, Ont. * CABLE: Rubexport, N.Y. 
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Abrasion resistance Film flexibility 
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Phelps Dodge Formvar magnet 
wire has a high quality and 
balance of essential properties 
that are the result of carefully 
controlled testing throughout the 
manufacturing process. These 
balanced properties offer greater 
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abrasion resistance, exceptional 
film flexibility, improved solvent 
resistance and high product 
uniformity—factors that serve to 
make Phelps Dodge Formvar the 
standard ‘‘yardstick’’ for the 
electrical equipment industry. 
Phelps Dodge Formvar is 
available in round, square 

and rectangular shapes. 


Any time magnet wire is your 
os roe problem, consult Phelps Dodge 
for the quickest, easiest answer! 


PHELPS DODGE COPPER PRODUCTS (RR «>< 


LASTING QUALITY 
CORPORATION 


SAE DS Bs iy —FROM MINE 
INCA MANUFACTURING DIVISION ee Creare 


FORT WAYNE, INDIANA 
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DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 


John H. Cole Company, Oklah City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Ill Cleveland, O. 

Dayton, O. Milwaukee, Wis. 

Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Company, Hamden, Conn. 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St. Louis, Mo. 





Export Agent: Lionel-Essex International Corp., New York, N.Y. 
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the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 
Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Varnished “‘Fiberglas"’t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘‘Mylar’’* Polyester Film 
Cable Wrapping Tapes Asbestos Paper and “‘Mylar’’* Polyester Film 
Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “‘Mylar’’* Polyester Film 
“VARSIL" Silicone Varnished “‘Fiberglas’’t Vartex Varnished “Fiberglas"* and 
Cloth and Tapes “Mylar’’* Polyester Film 
Special combinations available upon request 





* Mylar, Du Pont’s registered trademark tFfiberglas, Owens-Corning Fiberglas registered trademark 
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from 0.010 to 100 amperes 


with just a turn of the wire 


Simple ampere-turns of the overload coil accurately 
determine the current rating of a Heinemann Hy- 
draulic-Magnetic Circuit Breaker. 

For this reason, Heinemann circuit breakers offer 
you tremendous flexibility in specifying overload and 
short circuit protection for your products. They are 
available with tiny ratings down to ten milliamperes; 
or higher ratings, up to 100 amperes. Included are 
odd and fractional ratings such as 0.20, 23 or 18.7 
amperes. 

In any rating, you have the choice of at least four 


HEINEMANN ELECTRIC COMPANY 
99 Plum Street, Trenton 2, N. ‘. 


different time-delay characteristics . . . or instantaneous 
trip. And Heinemann ratings are stable ratings . . . 
remain constant through any ambient temperature 
range. 

With Heinemann, you can match protection pre- 
cisely to the safe operating limits of any equipment. 


A GREAT HELP TO ENGINEERS . .. the “Circuit 
Breaker Engineering Guide” is a valuable aid to anyone 
applying protection to electrical or electronic equipment 
Ask for Bulletin 201. 
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SILIGONE-GLASS LAMINATES 


...Fetain physical and dielectric properties at 250€ 
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Silicone-glass laminate forms the cylindrical Photo courtesy of Westinghouse Electric Colsteetion. 
insulating barrier between high and low volt- 
age coils of Westinghouse 750-kva, 3-phase, 
60-cycle, 4160-volt, sealed-in-nitrogen dry- - , _ 3 
type transformer. Laminates made by bonding glass cloth with Dow Corning 
silicone resins help improve the design and performance of 
TYPICAL PROPERTIES electrical equipment. Silicone-glass laminates have high arc 
OF SILICONE-GLASS LAMINATES * resistance, low loss factor, low moisture absorption, and 
Flexural Strength, psi they show exceptional retention of properties at high oper- 


at 25. «. - + 24,000 ating temperatures. These strong, lightweight laminates 
at 260C after 100 hr at 260C 4,600 fabricat d hineable. Th b 
Wier Ane owt . . . «O88 are easy to fabricate and are machineable. ey can be sup- 


Electric Strength, volts /mil plied as tubes, sheets, and punched or molded shapes by 
EE a leading laminators. Write for FREE BOOKLET. 


after 5000 hr at 260C .. 180 
Dielectric Constant at 10? cycles 

DE sc! be ws 3.70 

Condition D? . : 3.85 
Dissipation Factor at 10? cycles 

Condition A' . . . . . . 0.0024 

Condition D? . . . . . . 0.0084 


* As meosured on samples 1/8 inch thick. Dow Corning CORPORATION 


1 As received. 
2 After 24 hr immersion in water at 23 C MIDLAND. MICHIGAN 
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Dow Corning Siliccne Dielectrics 


S @ARTs MADE OF 301 MOLDING COMPOUND 
“J HAVE RESISTANCE TO HEAT AND MOISTURE 


Strong, lightweight components molded from 
this versatile silicone compound retain excel- 
lent physical and dielectric properties in con- 
tinuous service at 320 C or intermittent serv- 
ice at 820C. Water absorption is in the 
range of 0.1% after 48 hours immersion. 
“301” parts have good resistance to corro- 
sion and will not support fungus growth. 
“301” meets Mil-M-14E—MSI-30. 


Navy-type terminal board, General Products Corporation. 


” VARNISH : FF. The most widely used silicone 
impregnating varnish on the mar- 


HAS 50 TIMES? i %, ; ; ket, Dow Corning 997 Varnish 
THE DIELECTRIC ary ™ ‘ retains 50 percent of its dielectric 


oe Y strength after aging 4500 hours at 
LIFE OF ~ 250 C. Processing times compare 


* favorably with those required for 
THE BEST . “ Class B varnishes. Provides super- 


CLASS R | ior ngewe re moisture, 
many chemicals and corrosive 
VARN ISH ES ~~ mat 5 atmospheres. 


t TESTED AT 200 ¢. 


ASTIC (silicone rubber) INSU LATION 
ESISTS HEAT, MOISTURE, CORROSION 


Wire and cable covered with Silastict, the 
Dow Corning silicone rubber, withstands 
temperatures from —70 to 250C. Silastic 
provides a flexible, waterproof coating with 
excellent resistance to arcing, ozone, corona. 
Offered by leading wire manufacturers. 


tr.mM. REG. U.S. PAT. OFF, 


For further information on these products write Dept. 4512 
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(Advertisement) 


SPECIAL REPORTS ON 
FINISHING NON-FERROUS METALS 


NUMBER I—Decorative, 


Corrosion-Resistant Finishing 
with Iridite 


Chromate conversion coatings are well known and accepted 
throughout industry as an economical means of providing 
corrosion protection, a decorative finish or a good paint base 
for non-ferrous metals. However, continued developments are 
so rapid and widespread that many manufacturers may not 
be completely aware of the breadth of application of this type 
of finish. Hence, this digest of current information; to bring 
you up to date on the many ways in which you can combine 
salable appearance with durability in one finish at a com- 
petitive price advantage. Report II on paint base, corrosion- 
resistant finishes and Report III on chemically polished, 
corrosion-resistant finishes are available on request. 


First, as a basis for this discussion, a “‘decorative”’ finish is 
considered as any chromate film that is used as a final finish 
in itself. It may be truly decorative in that its sole purpose 
is to enhance the beauty of the product. For example, a 
bright chrome-like finish or a pleasing bronze appearance are 
among the many effects that can be obtained. It may be 
functionally decorative in that it reduces reflectivity for 
camouflage purposes or provides a means of color-coding 
parts. But, in all cases, the Iridite films protect the metal 
against corrosive attack. 


Iridite finishes are now available for all commercial forms of 
the more commonly used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, copper, brass and 
bronze. These films can produce a wide variety of pleasing 
appearances. The basic colors of the Iridite coatings are 
grouped below by metals. 


ZINC and CADMIUM: Metallic bright, light iridescent, 
iridescent yellow, bronze, olive drab. 


COPPER, BRASS, BRONZE: Metallic bright, yellow. 
ALUMINUM ALLOYS: Clear, iridescent yellow, brown. 
MAGNESIUM ALLOYS: Light brown, dark brown, black. 
SILVER: Metallic bright. 


In addition, many films can be modified by bleaching or by 
dyeing. Among the dye colors available are various shades of 
red, yellow, green, blue or black. 


Depending upon the metal and the Iridite used, corrosion 
resistance of clear and bright films ranges from mild passivity 
to as high as 500 hours in salt-spray; on heavier dark films, 
salt-spray resistance ranges from approximately 100 to 1000 
hours. 


It is this combination of decorative and corrosion resistant 
properties that accounts for the widening use of Iridite finishes. 
For example, Iridites #4-73 and #4-75 (Cast-Zinc-Brite) 
make possible for the first time, a combination of lustrous 
chemical polishing of the as-cast surface of zinc die castings 
and good resistance to corrosion. Further, in many cases, 
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WHAT IS IRIDITE? 


porous nature on the surface of the metal. This film 

is an integral part of the metal itself, thus cannot _ 
flake, chip or peel. No special equipment, exhaust _ 
systems or specially trained personnel are required. re | 


sizeable savings in the cost of buffing and electroplating are 
realized. 


On many steel parts, a simple system of zinc or cadmium 
plate and bright Iridite is used instead of more costly electro- 
plated finishes to provide a bright, decorative and protective 
finish with tremendous savings in material, equipment and 
labor. 


In finishing aluminum, where corrosion resistance or paint 
adherence is the prime consideration, the aircraft industry 
has all but abandoned the anodizing process in favor of 
recently developed chromate conversion coatings, among them 
Iridite #14 and #14-2 (Al-Coat). These formulations and 
their method of application can be varied to retain the original 
metallic appearance while providing acceptable corrosion re- 
sistance, or to produce a fully colored brown finish that 
offers exceptional corrosion protection. Again, time and man- 
power savings are astounding—one company saved at least 
$15,000 a year on maintenance of racks alone and another 
$40,000 on materials and labor in only nine months. In addi- 
tion, of course, hundreds of thousands of dollars are saved by 
eliminating the need for expenditures for generators, heating 
equipment and racks. 


Iridites are widely approved under both Armed Services and 
industrial specifications because of performance, low cost and 
savings of materials and equipment. 


In planning or designing, you should consider the many other 
characteristics of Iridite finishes which may enter into the 
specific problem. In addition to having decorative and pro- 
tective functions, these chromate coatings form an excellent 
base for organic finishes and bonding compounds. They have 
low electrical resistance. Some can be soldered and welded. 
The Iridite film itself does not affect the dimensional stability 
of close tolerance parts. 


You can see then, that with the many factors to be con- 
sidered, selection of the Iridite best suited to your product 
requires the services of a specialist. That’s why Allied main- 
tains a staff of competent Field Engineers—to help you 
select the Iridite to make your installation most efficient in 
improving the quality of your product. You’ll find your 
Allied Field Engineer listed under ‘‘Plating Supplies” in your 
classified telephone book. Or, write direct and tell us your 
problem. Complete literature and data, as well as sample 
part processing, is available. Allied Research Products, Inc., 
4004-06 E. Monument Street, Baltimore 5, Maryland. 
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‘Trangitron SILICON 
VOLTAGE REFERENCES 


USE THIS EASY WAY TO CHOOSE 
THE RIGHT REFERENCE FOR YOUR APPLICATION 


Wide range of low temperature 
coefficients 


Transitron’s broad line of silicon voltage refer- Ps. ll valine a nia 
i ight . 

ences lets you design the right temperature co- = “Toi FeaNCE OF TYPENUMBER COEFFICIENT OF 

efficient into your equipment . . . without the 


expense of more stability than is needed. wy yp 


Operation from — 58°C to +100°C 
These units provide a stable reference voltage + 18% o $V3176 001%/°C 
over an extreme range of operating conditions A OR SV3207 
... from —55°C to +100°C. / 


Easily mounted, compact packages $ 53175 
The compact axial lead package may be used as OR $V3206 
easily as a two-watt resistor. Each reference 
consists of hermetically sealed glass diodes. It = - 
may be operated in any position without volt- 
age variation. (Conventional types 1N430 and 4 SV3174 
1N430A are also available when equipment de- J 
sign requires stud mounting.) e 


002% /°C 


/ 


Application Engineering service +1% SV3173 005%/°C 
Our Applications Engineers will be glad to dis- 
cuss applications where low temperature coeffi- 
cient references may be useful to you. Or, send 
for bulletin TE-1352, which contains full tech- 
nical data. 


A tia Boe Ok Se PEC EE! IS ALR SE SEE 


+18% SV3171 01%/°C 


$V3170 02%/°C 


‘Tra ngitron 

















Mallory plunger switches are compact and extremely 
versatile. The basic design enables adaptation of this 
switch to a variety of applications and circuits—including 
normally open, normally closed, or DPDT service. Ideal 
for limit switches and door-operated applications. 


Dependability /S 


Mallory wirewound resistors for bleeders, dividers and 
voltage-dropping applications feature exceptional life 
and stability. Tough vitreous enamel coating seals out 
moisture and corrosion. Special Mallory technique for 
welding the resistance element to the terminals elimi- 
nates possibility of open circuits. 


Mallory automatic sequence control switches are in- 
dustry standards of performance and economy. Adapta- 
tions of standard designs serve not only in home appli- 
ances of all types, but in machine tools and vending 
equipment. Adaptable to many circuit combinations. 


Economy.... 


Mallory motor start and motor run capacitors are preci- 
sion engineered products. There is a wide selection of 
capacities, styles and voltages for every application. New, 
compact designs enable mounting anywhere in the cab- 
inet. New, low voltage AC model run capacitor offers 
added economy for 165V applications. 


ELECTRICAL MANUFACTURING 





Up to 20% savings were effected on this contact when Mallory 
installed a machine to stamp and form spring backing members 
and attach the contacts in one automatic operation. This is but 
one example of how manufacturers can profit by bringing their 
contact design and assembly problems to Mallory—pioneers in 
contact metallurgy and engineering. 


.«. You Get BOTH with 


Mallory Components and Engineering 


Whatever your line . . . vending machines, juke 
boxes, automatic machine tools, household appli- 
ances, or any other form of electrical equipment 
or apparatus you can build-in a greater 
measure of product dependability with Mallory 
parts and components. Greater dependability 
means added economy for you . . . added value 


for your customers. 

Mallory’s long experience in designing compo- 
nents for the appliance and electrical machinery 
fields is reflected in their high standards of 
dependability and performance. Their advanced 


Serving Industry with These Products: 


engineering means better products and compo- 
nents for your every need. Their engineering 
service beyond the sale can be your assistance 
in solving even the most complex design or appli- 
cation problems. 


So whether you’re in the design or prototype 
stage ...or tooling up for a production run, it 
will pay you to see the man from Mallory. A 
qualified and experienced engineer in your own 
field is ready and willing to apply Mallory inge- 
nuity and economy to your production plans. 
Just write—or call us today. 





P.R.MALLORY & CO. inc. 3 


ALLOR 


. MALLORY & CO. Inc 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. INDIANAPOLIS 6, INDIANA 
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SHORT CUTS to finished products. 


Anaconda pre-formed mill products cut time and cost in 


finishing and machining—reduce scrap losses. 
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Linde Company’s “Purox” Cutting Blowpipe, Type “E,” is 
produced more easily and economically with these Anaconda 
products. 1, 2, 3. Die-pressed forgings, with these advantages: 
twice-wrought metal has denseness to prevent gas leaks; 
toughness and strength to stand up to abuse; has uniformity, 
dimensional accuracy to cut machining cost—finishing §re- 


Cost-cutting possibilities are almost unlimited when 
imagination is applied to designing with pre-formed 
Anaconda mill products. Simplify costly built-up 
assemblies with die-pressed forgings. Cut machin- 
ing and scrap with tubes and solid special shapes 
adapted to your needs. For imaginative and prac- 
tical technical help, write: The American Brass 
Co., Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 5849 


Circle 117 on page 17 


duced to bright dip. 4, 5. Thick-wall tubes of Ambrac-850 
alloy to dissipate heat rapidly, prevent overheating and 
“flashback”; alloy has high strength for rough service, yet 
has sufficient machinability. 6. Special-shape brass tube with 
fluting pre-formed is furnished in long lengths ready for 
fast, economical screw machine operation. 


DIE-PRESSED FORGINGS e SPECIAL-SHAPE TUBES 
EXTRUSIONS e FABRICATED METAL GOODS 


ANACONDA 


products made by 
THE AMERICAN BRASS COMPANY 





ELECTRICAL MANUFACTURING 


PRODUCTS 


SODERON (nylon coated Soderex) 


WINDS RESISTS SOLDERABLE, 
EASIER SOLVENTS 





Low co-efficient of friction pro- The chemically resistant outer jack- No stripping. Solderable at low 
vides “lay-in” qualities similar to et removes any danger of magnet temperature without damage to 
tried and true Nyform (nylon wire damage by severe varnish copper conductor. 

coated Formvar). or compound treatments. 


$X Soderon is available in sizes 10-46 AWG, inclusive. 
Packaged on spools, reels, pails and “Magna Pak”® 
Wire designed with the future in mind . . . Essex “field tested’’ Magnet Wire 





MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne Ce 


Manufacturing Plants: Birmingham, Alabama; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan : 


NATIONAL NETWORK OF WAREHOUSES AND SALES OFFICES...CALL YOUR LOCAL “ESSEX MAN” 


DECEMBER 1958 Circle 118 on page 17 














ii 
if 








: 
; 


In the AS&W Spring Laboratory a semi-resonant spring fatigue machine is testing the Lipe-Rollway 
clutch spring. At speeds of 700 cpm this spring is functioned beyond its normal life span and at higher than 
normal stresses to prove conclusively its superior design as a clutch spring. 


ELECTRICAL MANUFACTURING 





A USS American flat wire compression spring is shown in place 
in the Lipe-Rollway clutch. Four round wire compression springs 
are also being installed in the clutch. 


better performance in heavy-duty clutches 
... thanks to AS&W 


Spring Engineering Research Service 


DECEMBER 1958 


The Lipe-Rollway Clutch Division, Lipe-Roll- 
way Corporation, Syracuse, N. Y., manufactures 
automotive clutches for heavy-duty trucks, trac- 
tors, buses and other large mobile equipment. 
Because USS American Springs play a vital part 
in the performance of these clutches, Lipe-Roll- 
way asked the AS&W Spring Engineering Re- 
search Service to test the springs and determine 
if any changes should be made in the design to 
improve and maintain the high performance 
standards. 

Asa result of these tests the AS&W Engineers 
recommended certain important changes to give 
the springs longer life. After this reeommenda- 
tion was adopted by Lipe-Rollway, Mr. Harvey 
Gray, Chief Inspector & Quality Control, had 
this to say: “‘Exceptional service has been real- 
ized from our American Steel & Wire Springs.” 


American Steel & Wire 
Division of 


If you have a spring problem or would like 
advice on the use of springs in your product, 
get in touch with our general office in Cleveland, 
or any American Steel & Wire Sales Office. You 
can benefit from the knowledge of AS&W’s 
Spring Engineering Research Service. The Serv- 
ice has been engaged in laboratory experiments 
of static and dynamic testing for 20 years and 
has accumulated invaluable data on stress and 
fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels—from 
steel chemistry through product application— 
to more economically cope with today’s rigorous 
demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is 
at your disposal. 

American Steel & Wire Division, General 
Offices: Rockefeller Bldg., Cleveland 13, 
Ohio. 


USS and American are trademarks 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors + Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors * United States Stee! Export Company, Distributors Abroau 
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Ohmite has 
exactly the 
resistor you 


need 


Ohmite offers the 


most complete line of |¢ 
high quality resistors | 


on the market... 
fixed, adjustable, 


tapped, noninductive, | 
and precision resistors | 
inmanysizesandtypes | 


of terminals ...in a 
wide range of wat- 


tages and resistances. | 
All-welded construc- 


tion. Ohmite applica- 


tion engineers will be | 
pleased to help you in | 
selecting the resistors | 


for your job. 
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Resistance wire is 
wound on a ceramic 
tube and protected by 
a vitreous-enamel coat- 
ing. Many kinds of 
terminals available. 
May be single winding, 
tapped, or multisec- 
tion. Watts, 3 to 1000; 
ohms, 0.1 to 1,700,000. 


DIVIDOHM 
ADJUSTABLE 


Vitreous-enameled re- 


sistors with the wire ex- | 
posed in a strip along | 


one side for contact 


with adjustable lugs. | 
Most Ohmite resistors | 


can be ordered adjust- 


able. Watts, 10 to 1000; | 


ohms, | to 100K. 


AXIAL LEAD 


Small vitreous-enameled 
resistors with wire leads 
axially welded to caps 
on ends of the units. 
Also TUBEOHM ce- 
ramic jacketed style. 
Watts, vitreous 3 to 10; 
Tubeohm, 5 to 25; ohms, 
vitreous 1 to 50K; 
Tubeohm | to 25K. 


THIN 


Resistance wire is 
wound on a core of 
flattened oval cross 
section and protected 
by vitreous enamel. 
Several sizes. Fixed, ad- 
justable or tapped. 
Watts, 10 to 75; ohms, 
0.1 to 100K. 





5 





NONINDUCTIVE 


Tubular vitreous-enam- 
eled resistors with spe- 
cial winding. Dummy 
antennas consist of as- 
semblies of several re- 
sistors. Watts, 5 to 
1000; ohms, | to 5000. 


RHEOSTATS 
TAP SWITCHES 





HIGH CURRENT 


CORRIBS have ex- 
posed corrugated rib- 
bon wound and enam- 
eled on a tubular core. 
POWR-RIBS have bare 
coil of edgewise wound 
ribbon or round wire. 


RESISTORS 





RELAYS 


PRECISION 
WIRE-WOUND 


Pie-wound resistors, en- 
capsulated, impreg- 
nated, or hermetically 
sealed in glass. Also 
standard resistors 
wound to close toler- 
ance. Watts, %& to 2; 
ohms,0.1 to 5megohms. 


TANTALUM CAPACITORS 
R.F.CHOKES VARIABLE TRANSFORMERS 


OHMITE MANUFACTURING COMPANY 
% 3613 Howard Street, Skokie, Illinois 
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PRECISION METAL FILM 


Consists of a unique 
metal film permanently 
bonded to a glass plate. 
The assembly is sealed 
in a high-temperature 
resistant plastic case. 
Watts, 4% at 150°C to 
4 at 105°C; ohms, 25 
to 350K. 


QUALITY 
Components, 





SPECIAL VARIETIES 


Ohmite can provide to- 
roids, flat strips, plaques, 
special-sized tubes, or 
tubes with mixed ter- 
minals, etc. Watt ratings 
and resistances are 
available as required. 


Circle 121 on page 17> 












Break this seal 


FROM THE CASE OF YOUR 
A. O. SMITH MOTOR MAN 
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Ohmite has 
exactly the 
resistor you 
need 


Ohmite offers the 
most complete line of 
high quality resistors 
on the market. . 


fixed, adjustable, | 
tapped, noninductive, | 


and precision resistors 
in many sizesand types 
of terminals ...in a 
wide range of wat- 


tages and resistances. | 
All-welded construc- | 


tion. Ohmite applica- 


tion engineers will be | 
pleased to help you in | 


selecting the resistors 
for your job. 
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Resistance wire is 
wound on a ceramic 
tube and protected by 
a vitreous-enamel coat- 
ing. Many kinds of 
terminals available. 
May be single winding, 
tapped, or multisec- 
tion. Watts, 3 to 1000; 
ohms, 0.1 to 1,700,000. 


DIVIDOHM 
ADJUSTABLE 


Vitreous-enameled re- 
sistors with the wire ex- 
posed in a strip along 
one side for contact 
with adjustable lugs. 
Most Ohmite resistors 
can be ordered adjust- 
able. Watts, 10 to 1000; 
ohms, | to 100K. 


AXIAL LEAD 


Small vitreous-enameled 
resistors with wire leads 
axially welded to caps 
on ends of the units. 
Also TUBEOHM ce- 
ramic jacketed style. 
Watts, vitreous 3 to 10; 
Tubeohm, 5 to25; ohms, 
vitreous 1 to 50K; 
Tubeohm | to 25K. 


THIN 


Resistance wire is 
wound on a core of 
flattened oval cross 
section and protected 
by vitreous enamel. 
Several sizes. Fixed, ad- 
justable or tapped. 
Watts, 10 to 75; ohms, 
0.1 to 100K. 








NONINDUCTIVE 


Tubular vitreous-enam- 
eled resistors with spe- 
cial winding. Dummy 
antennas consist of as- 
semblies of several re- 
sistors. Watts, 5 to 
1000; ohms, | to 5000. 


RHEOSTATS 
TAP SWITCHES 


R. F. CHOKES 





HIGH CURRENT 


CORRIBS have ex- 
posed corrugated rib- 
bon wound and enam- 
eled on a tubular core. 
POWR-RIBS have bare 
coil of edgewise wound 
ribbon or round wire. 


RESISTORS 





RELAYS 


PRECISION 
WIRE-WOUND 


Pie-wound resistors, en- 
capsulated, impreg- 
nated, or hermetically 
sealed in glass. Also 
standard resistors 
wound to close toler- 
ance. Watts, % to 2; 
ohms,0.1 to 5megohms. 


TANTALUM CAPACITORS 
VARIABLE TRANSFORMERS 


OHMITE MANUFACTURING COMPANY 
4% 3613 Howard Street, Skokie, Illinois 
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PRECISION METAL FILM 


Consists of a unique 
metal film permanently 
bonded to a glass plate. 
The assembly is sealed 
in a high-temperature 
resistant plastic case. 
Watts, % at 150°C to 
Y% at 105°C; ohms, 25 
to 350K. 


QUALITY 
Components, 





SPECIAL VARIETIES 


Ohmite can provide to- 
roids, flat strips, plaques, 
special-sized tubes, or 
tubes with mixed ter- 
minals, etc. Watt ratings 
and resistances are 
available as required. 


Circle 121 on page 17 > 
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“TIPP CITY, OHIO. 
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First major breakthrough in fractional hp motor design... 


evolutionary new 


...for switch, actuator, 
capacitor, thermostat 
and terminal board 


& Seals out dirt, lint, insects and other matter. Ventilating air 
cannot contaminate these vital parts. 






Provides complete protection against mechanical damage. 


Sealed capacitor and terminal board assures easy, all- 
position mounting. Absence of externally mounted capacitor * 
“dog house” and conduit box permits installation anywhere 
and in any position. 


Bearings are prelubricated and sealed. Require no lubri- 
cation for the life of the motor. 


| Finally ... ball bearing motors as quiet as sleeve bearing 
motors. 


A. No more “book-end” bearings. New design permits 
much closer bearing centers. 


B. Super-honed close tolerance bearings. 


C. Magnetic noises reduced to absolute minimum by special 
machining and assembly processes. 


D. Air noise practically eliminated through unique ventila- 
tion design. 


Single phase motors with the new sealed starting switch 
are available from 4 to 5 hp. Included are specific designs 
for blowers, pumps, compressors, machine tools, and 
material handling equipment. 


|» { adjustable starting switch 

Every A. O. Smith single-phase motor 

features the new exclusive adjustable 

starting switch. The vital switching ac- 

tion is no longer dependent on a 

build-up of tolerances throughout the 

motor. On every motor the switch is 

adjusted after assembly by turning the 

self-locking screw (A) to achieve a pre- 

*Capacitor is internally set clearance between the switch 

mounted on motors rated button and the actuator. This setting 

1 hp, 3600 rpm and 3/4, | assures proper contact alignment and 

, se positive switching action. .. guaran- 

teeing maximum life for every motor. 

Field adjustments and/or replacements 
are just as easy. 


hp, 1800 rpm and smaller. 






Please send me more comprehensive 
details on the_A. O. Smith line of frac- 
tional motors — % to 2 hp — that 
feature Sealed Capsule design. 


ADDRESS 
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Rigid or resilient base 
models available. 


TIPP CITY, OHIO 


NEW... 
“SEALED CAPSULE" 


FRACTIONALS 


RIGID 





AND 
RESILIENT 
BASE 
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DIMENSIONS IN INCHES 


rigid resilient 
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BLOWER 


HORSEPOWER M% ) 
MOTORS R.P.M. 3600 3600 1800 3600 1800 
RESILIENT | FRame SIZE 56-1 56-1 : 56-2 56-2 56-3 56-3 
BASE 





56-5 











HORSEPOWER 14 A; VY Y% 3 3 1 


GENERAL i , 


PURPOSE R.P.M. 3600 1800 3600 1800, 3600 1800 3600 
RIGID Through research ...@ better way 


FRAME SIZE 56-1 56-1 561 562 562 563 | 563 
BASE 
AO Smith 


ELECTRIC MOTORS 


531 North 4th Street 
TIPP CITY, OHIO 
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D-J casts, finish machines, plates and assembles door 

hardware for a Mid-West merchandiser. Eleven zinc 
parts are die cast ... then tapped, reamed, faced and plated. 
Other parts are drawn and stamped as needed. Springs, lock 
washers, screws, locks and keys are purchased. Finally, D-J 
assembles and packages the units. 


3 pages of proof 


more for you than d 
e 


for-assembly die castings are by far the lowest-cost way to pro- 
duce lightweight metal bezels and glass retainers for RCA 
Victor TV sets. Their dimensional stability speeds assembly. 


D-J casts, profile shapes, taps and electro-statically paints 
TV set parts for Radio Corporation of America. Ready- 


ny 





meme cere 





D-jJ die casts, machines, flock finishes and assembles 

damper for York Corporation. Unit is a complex high 
precision assembly of ten die cast parts including racks, 
pinions, and pistons. D-J flocks interior parts before assembly, 
seals seams to air-tightness under pressure. Exterior surfaces 
are carefully alodined. 


Doehler-Jarvis can do 


D-J casts, machines, and assembles turntable hubs for 
well-known phonograph manufacturer. Hubs are 
trimmed, turned, slotted, reamed and fitted with bearings. 
The bearings are then chamfered and sized. Tolerances of 0.001 
inch or less are maintained throughout all these operations. 





ext 


» 
Operator removes die cast zinc main channel for Lincol 
or Continental window assembly from large 48” casting 
machine. Part is quenched in cooling solution then conveyed 
to trimming. D-J is now researching production techniques 
on giant 72” machine, world’s largest. 


ee 


~ 


Ingenious double-acting trimmer removes gate, trims 
flash, finishes slots, taps 3 holes. Notice jig at right 
miters corner of frame. Scrap metal is collected, re-melted, 


re-refined and re-used. Minimum metal consumption is a big 
advantage of die casting. 


-~D-) makes, machines, plates, puts together 


4) Buffing, too, is set up for maximum economy. Part is 


snap-clamped to device that positions it automatically 5) 
for buffing wheels. When leaving fast-moving buffing lines 


parts are racked and processed by conveyor through degreasing 
into plating without further handling. 


“Christmas trees’ carry channels through plating. Part 
is given optimum copper, nickel, chrome thicknesses using 
an automatic “plate-on-plate-off” current sequence that de- 


velops unusually high quality long-lasting finish desired for 
this premium car. 
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Ganged machines complete drilling, tapping, reaming. 

Behind operator you can see a universal work toting 
device. Removable pins support work and present it to operator 
prepositioned for speediest handling. (For another view of 
device, see following picture.) 


a window assembly for 


Window is glazed and finish assembled in special jig. 

Here die cast channel, glass and other parts (some made, 
some purchased by D-J) are put together and weather sealed. 
Packaged part is shipped both to the Lincoln and Continental 
plants and to distributor warehouses. 


Not everyone knows that Doehler- Jarvis 
does extensive machining, finishing and 
sub-assembly work as well as die casting. 


But it’s true. Every Doehler-Jarvis Plant (8 in the 
U. S. and Barber Die Casting in Canada) mass 
produces sub-assemblies, as well as die casting and 
finishing basic parts. And you can rest assured, 
costs undercut those that customers might achieve 
in their own plants. 

Costs are bound to be low. Doehler-Jarvis has in 
abundance versatile machining, metal forming and 
joining equipment plus finishing facilities that are 
unique. Experienced design, purchasing and pro- 
duction personnel, too. Everything needed to set up 
economical, continuous production, assembly, and 
packaging lines. 


y * 
Lincoln 


— 
| 


Continentall 


There are other savings, too... savings in you? 
plant. Less tooling, for example. And you receiva 
a responsibly inspected, fully functional sub 
assembly ready for immediate use. Many D-J cus 
tomers take delivery only on sub-assemblies needec 
for basic production. Spare-part production goe 
directly to customer’s distributors. 

Makes sense, doesn’t it? Especially when you see 
as in these three pages of pictures, how D-J handle 
typical production work. 

Maybe you could push your costs down this way 
too. Care to talk it over? 





Doehler=Jarvis 


DIVISION OF NATIONAL LEAD COMPANY 
General Offices: Toledo 1, Ohio 


In Canada: 
- Barber Die Casting Co. Limited 
Hamilton, Ontario 


Circle 122 on page 17 











For Pin-Point Heat Control Accuracy 


i 


WeST Bend 
e<— —— oil 


CHOOSES 


KLIXON 
Ampli-Tube 
A Malcrmeclessie-ne 

Control Plugs 


The new control-plug appliances manufactured by West Bend 
Aluminum Company provide homemakers with convenient, 
handsomely designed controlled-heat cookers . . . automatic skillets, 
sauce pans, and “griddle ’n servers.” 

To insure pin-point temperature control, West Bend uses KLIXON 
Ampli-Tube Thermostats for their heat control plugs. These 
super-sensitive thermostats accurately control the selected 
heat from 150° to 425° time and time again without losing 
their calibration. 

Today hundreds of leading appliance and original equipment 
manufacturers specify and use KLIXON Thermostats. These 
thermostats are available in both sealed and open construction 
in a wide variety of types and sizes. Temperature settings are custom 
calibrated at the factory to meet the customer’s requirements. 

Competent Spencer Division engineers at the factory and in the 
field will gladly help you make test applications of KLIXON 
Thermostats. Send for free literature on the KLIXON line now and get 
acquainted with the application possibilities on your equipment. 


METALS & CONTROLS [i¥i) CORPORATION 


Spencer Division 3612 Forest Street, Attleboro, Mass, 
xO 
Kurx0N 
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TECHNOLOGY IS GETTING more complicated all 
the time. It is not moving forward, however, 
on an even front. In the electrical and elec- 
tronic field, as the power level goes down, the 
need for new technology goes up geometri- 
cally. But the economic fate of ourselves as a 
publication and of most of our readers is 
tied in with a broader use of electric power. 
It is a question of milliwatts vs kilowatts. 

Some of the most profound thinking has 
been in the area of information theory and 
some of the most advanced technology has 
been in data processing, from missile tracking 
to numerical control via computers. The age 
of space satellites and intercontinental ballis- 
tic missiles has stepped up our conceptions 
of speed by at least one order of magnitude 
compared with the fastest planes and by 
several orders compared with earth-bound 
vehicles. Keeping track of them in time and 
space has forced new approaches to electronic 
data handling. 

To perform calculations and to do the 
thinking electronically requires very low-level 
signals but very high-level engineering in- 
volving brand new materials and components. 
We're in the era of subminiature solid state 
devices, computers of fantastic speed, logic 
circuitry and million-bit memories of micro- 
miniature size. Much of the excitement in 
current research efforts is in that area, also in 
solving problems of extreme environment. 

Yet, the broader use of electric power en- 
visioned involves a rising curve of power 
generation. Electrical output by the utilities 
this year will be close to 650,000,000 kilowatt- 
hours. It is predicted that the trillion mark 
will be passed by 1965 and in another twenty 


Brains vs Brawn 


years output will be over two trillion kilowatt- 
hours. The chances are that this will still be 
60-cycle power, whether developed from 
fossil fuels or nuclear energy. 

Just as we are wedded to the English system 
of measurement, investment in existing equip- 
ment utilizing electric power—the brawn— 
will sustain the continued need for 60-cycle 
generation and distribution systems. For a 
long while the work horse of industry will re- 
main the squirrel-cage induction motor, de- 
spite the rising trend toward d-c drives being 
met by recent advances in conversion devices, 
including semiconductors. The sophisticated 
approach will be in control—the brains of 
automatic production. 

In the home, too, consumption of electric 
power is steadily increasing toward a pre- 
dicted annual figure of 10,000 kilowatt-hours 
within the next twenty years. To reach it, the 
consumer will be offered the choice of per- 
haps a hundred appliances, many of them 
operating on new _ principles—radiant heat, 
electroluminescence, supersonic cleaning, elec- 
tronic heating and semiconductor cooling. 
Power supply: 60-cycle alternating current 
with perhaps some high-voltage direct current 
in the big cities. 

ELECTRICAL MANUFACTURING is definitely 
concerned with the new technology. More 
and more of that will be stressed in our pages 
in 1959, particularly for the “pre-war” engi- 
neer. Nevertheless we believe some encourage- 
ment is needed to maintain student interest 
in the power option of an EE course in 
college. Otherwise, who will sustain that ris- 
ing curve of electrical energy which doubles 
its previous value every 10 years or less? 


Editor 
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Fig. 1—A Jupiter-C missile on the track in position for final 
performance testing, with some testing in progress. The conical 
instrument-section cover has been pulled off to allow access to 
the instruments. To the left is a screen-wire r-f cage. 












































































Fig. 2—A Jupiter missile mounted on dollies in position for 
final testing. 
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Description of test equipment. facilities. 


and general procedures used in systems 


checkout and final simulated flight test 


for the Jupiter missile. 


ROBERT L. SMITH, JR. 
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Huntsville, Ala. 





THE JUPITER MISSILE, now in initial production stages. 
is the first long-range surface-to-surface guided missile 
successfully test flown in this country. It is an Army- 
developed missile for operational use by the Air Force. 
Developed by personnel of the Development Operations 
Division of the Army Ballistic Missile Agency. it con- 
tains both commercially available and specially fabricated 
components although, as might be expected, most of the 
major components are specially developed and fabricated. 
It has been possible to transpose many components from 
the system of the earlier Redstone missile directly to 
the Jupiter, thus reducing the development time necessary 
for the larger missile. 

Both development and first production missiles are 
very carefully checked in every possible manner to insure 
reliable operation during firing. This article describes 
the final electrical and electromechanical testing of the 
missile before shipment to the firing site. Developmental 
final performance testing will eventually evolve into pro- 
duction final testing. In line with Army policy, the Army 
Ballistic Missile Agency accomplishes prototype produc- 
tion only; the production of the missile system, once it 
has reached the proper stage, is turned over to private 
industry. This frees the developing agency to take on new 
projects, and broadens the base of industrial support for 
the defense program. 


General Approach 


It should be noted that all components when received 
undergo a mechanical and electrical inspection and a 
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PERFORMANGE TESTING 
of a Large Guided Missile 


functional test as a component prior to assembly into 
a missile. In addition to this. the installation procedure 
during assembly is observed by inspectors at each stage 
of the process. For the sake of convenience and accuracy, 
for example, r-f antennas are tuned and matched before 
final assembly of the missile is completed. and accurate 
alignment of the major structural components is also 
assured at this time. While assembly is being completed 
on the top portion of the missile, the booster section, 
which includes the fuel and liquid oxygen tanks, the 
rocket engine and the tail, is given a performance test 
and is then sent to the test stand for static firing. It is 
next returned to the fabrication shop and assembly 
is completed. The entire missile is then put in a pressure 
cell and each of the individual pressure systems on the 
missile is checked for leaks and for satisfactory operation. 
When this testing is finished, the missile is moved into 
the proper area for final performance testing. (See Figs. 
1 and 2.) 


Test Details 


The tests to be performed on the missile are laid out 
with regard to convenience, speed of operation and 
accuracy of results. In general, the tests will break down 
according to the special sub-systems of the missile. Gen- 
eral practice has been to allow the group responsible 
for a particular sub-system to perform tests without any 
other group working on the missile at the same time. 
This permits the group doing the testing to have com- 
plete freedom with regard to having power on or off the 
missile, and with regard to control of missile conditions 
for the tests. The general sequence of tests is as follows: 
concerned cable 


1. Continuity Test - chiefly with 


harness and connectors. 


2. Components Test — concerned with operation of 
power plant and associated components. 


3. Overall Tests — concerned with methods of cutoff 
of power plant. in-flight separation of the missile sections 
and other functions associated with the general missile 
network. 


checkout of the steering, attitude 
control, guidance, and certain special device systems. 


4. Steering Tests 


5. Measuring Calibration — calibration and adjust- 
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ment of the various missile measuring gages to coincide 
with laboratory curves. 


6. Telemeter Calibration — testing of the telemeter 
system in conjunction with the measuring system to 


insure compatibility of results for telemetering accuracy. 


7. Special Tests —as required. 


8. Simulated Flight Test — simulation of complete 
takeoff and flight conditions in terms of missile operation, 
together with an r-f noise check. 


Continuity Test. Although each cable is inspected 
after it is fabricated and prior to assembly into the 
missile, experience has shown that a check of this type 
after assembly of the missile is necessary to insure that 
no damage has occurred to cables and connectors during 
subsequent steps in assembly, and that cables are of 
proper length and connect properly to individual com- 
ponents. Before delivery of the missile for final testing, 
engineers go through the missile electrical network draw- 
ings and prepare check sheets for a complete connector- 
to-connector continuity test. The test is conducted accord- 
ing to this check sheet, and will generally reveal any 
wrong connections, damaged connectors, and high re- 
sistance connections in the network. This time is also 
used for inspection of the missile with a possibility of 
noting mechanical difficulties, improper “black box” 
installation, obvious damage, and other such items. It 
has also been demonstrated that performing a thorough 
check in this manner saves time in terms of trouble 
shooting during later missile testing. After continuity 
testing is completed, the various ground cables are 
connected to the missile and to the ground control 
consoles, and power is applied. At this time, indicating 
meters are carefully observed to detect any abnormal 
conditions. 

Components Test. The components tested are chiefly 
those associated with the rocket engine. A section of 
the firing control panel in the ground console, Fig. 3, 
has been reserved for this test; the components test 
panel consists of a rotary selector switch and start and 
stop toggle switches whereby each solenoid valve asso- 
ciated with power plant operation may be energized 
individually. This panel section permits accomplishment 
of the major portion of the test by performing the 
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Fig. 3—Blockhouse panels, used later to fire the missile, are 
shown here in the control room being used for final testing. 
Indicator lights come on at proper times for lettered function 
indications. 






































































































































Fig. 4—The operator is shown observing a console panel set 
for quantitative testing of a portion of the steering system; 
this is a blockhouse fixture. At left the bank of sequence 
recorders is used for qualitative indication of missile functions. 
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switching operations as indicated. However. some other 
functions and items are also checked at this time as a 
matter of convenience—for example, the system for 
replenishing the supply of liquid oxygen in the tank 
before firing. 

Since some valves are actuated by air pressure, which 
is in turn controlled by solenoid valves, the Components 
Test is first performed without pressure in order to 
obtain reasonable assurance that the electrical compo- 
nents are operating satisfactorily. It is then performed 
using pressure in order to check pneumatic operation 
of the valves. Several different types of indications of 
satisfactory operation are used, including audible indi- 
cation of operation of the valves. In addition, 20-pen 
strip-chart recorders are connected with wiring provided 
in the missile and ground equipment networks for a 
qualitative indication of a signal to or operation of 
these components. Also, certain valves in the missile 
have a switch function which will indicate when the 
valve has been operated. These added together give a 
rather accurate indication of the results of the test. 

Overall Tests. These tests are performed for the 
purpose of checking the sequence of operations involved 
in bringing the missile up to and through the point of 
simulated takeoff, and for checking the various methods 
of shutting off the power plant, separating the missile, 
supplying the tilt program to tilt the missile along the 
flight path, and other such functions as may be in- 
volved with the general network of the missile. The 
various methods of accomplishing each 
laid out 


function are 
three Overall 
Tests. one of which is not run until immediately prior 
to the Simulated Flight Test. 

The first test. commonly referred to as the Cutoff 
Test, is not a true Overall Test in that the power plant 
sequence is not involved. It is possible to assign to the 
Simulated Flight Test and to each of the three Overall 
Tests, for example, one method of giving cutoff (shutoff 
of power plant burning). It then becomes necessary and 
convenient to check all of the other methods of cutoff 
on the Cutoff Test itself. The same general rule would 
apply to separation of the missile and to any of the 
other functions which might occur in this manner. The 
Cutoff Test makes an attempt to check every wire and 
circuit and every relay contact involved in the functions 
of cutoff, separation. and so forth, as previously men- 
tioned. In general. the Overall Tests are planned to 
accomplish, as simply as possible, the proof of. satis- 
factory simulation of take-off. of initiating cutoff in 
some particular manner, and of certain other functions 
of this nature. 

Sequence recorders, the 20-pen qualitative recorders 
previously mentioned, are used rather extensively to 
monitor the Cutoff Test and the Overall Tests. especially 
where electrical signals are involved that are not readily 
perceived visually or aurally. This is particularly true 
with the time sequence of power plant functions. which 
occur rather rapidly. In order to establish that the se- 
quence has been gone through correctly, it is necessary 
to have an indication that the functions have occurred 
in the proper sequence and with the proper time lags 
between the functions. These recorders are also quite 


and assigned to one of the 


useful when it becomes necessary to perform trouble 
shooting operations, especially where chains of relays 
or automatic sequences are involved. During the Overall 
Tests it becomes necessary to simulate certain functions 
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such as pressurization of fuel and oxidizer tanks, burn- 
ing of the power plant, and so on, since they are either 
impossible to perform in a hanger checkout or consti- 
tute a danger to operators. The simulation is generally 
accomplished by means of relays or switches. 

A test procedure sheet is prepared according to the 
particular functions to be tested. This procedure sheet 
gives not only the sequence of operations, but also (in 
certain portions of the test) the time of the operations. 
A copy is given to each operator with his particular 
functions underlined in red. Each operator has a num- 
ber, and a tape is prepared for a magnetic tape recorder 
which calls out only the operation numbers. The output 
of the tape recorder is transmitted over a telephone sys- 
tem to the test operatcrs, who wear headsets and perform 
the function as called. The test engineer located at the 
console may stop or start the tape at will. A second tape 
recorder is used to monitor line traffic on the telephone 
system for later reference. In a series of operations, the 
commands are spaced about 5 sec apart. This system 
has been found to be quite satisfactory in the testing of 
this missile in that it gives a command which can be 
very well anticipated ahead of time; it is a command 
which can receive an acknowledgement. and further. it 
can be checked on later by means of the monitor tape. 

Since takeoff is simulated during Overall Tests, it 
becomes necessary to transfer power for operation of the 
missile from the ground cables to what would normally 
be a missile internal source. For a flight missile this is 
a battery: however, in order that expensive batteries 
may not be used up in the test, cables are connected 
from ground generators to the corresponding missile 
cables prior to the time that the takeoff of the missile is 
simulated. In order that the missile may “know” that it 
has taken off. takeoff relays are activated in the missile. 
For the purpose of the Overall Tests, takeoff may be 
simulated either by switching a so-called “Simulated 
Takeoff” switch (and thus dropping out the takeoff relays 
on the missile) or by actually disconnecting the cables 
going to the missile from the ground console equipment. 
Generally, for the first Overall Test (not the Cutoff Test). 
it is desirable to simulate takeoff by disconnecting the 
cables to the missile. This is done in order to determine 
that the network has been designed in such a manner 
that “takeoff” can be achieved, power will continue to 
be available and operations will continue to be performed 
inside the missile even after these cables have been dis- 
connected as they normally would be in a missile in 
actual flight. 

Steering Tests. These tests, which are for the pur- 
pose of checking the steering, attitude control and guid- 
ance systems of the missile and certain special devices 
which will be described later, begin by testing the steer- 
ing system, then add the other two systems individually. 
The Steering System Test is performed by using com- 
mand voltages from potentiometers which are fed into 
the control computer (autopilot). Polarity and magnitude 
of control item deflections (for example, power plant 
swivel deflection), constitute the main body of the Steer- 
ing System Test (see Fig. 4). This test is designed to 
check aerodynamic control constants built into the con- 
trol computer. Feedback gains in the servo loops 
of course play a major part here. Careful checks must 
be made to insure that the aerodynamic constants change 
for various flight periods in the right magnitude, with 
the right polarity, and at the right time. 
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Fig. 5—Tilt table is used to simulate missile motion on the 
control gyros shown mounted on the table. The missile being 
checked is a Jupiter-C. 


Attitude control of the missile about its center of 
gravity is maintained by means of gyroscopes, as is com- 
mon with most large missiles. After the Steering System 
Test has insured that the proper signals will actuate the 
controls properly, signals from the gyros are fed into the 
control computer and the entire attitude control plus 
steering system is: tested simultaneously (Fig. 5). 

The guidance system is checked as an individual sys- 
tem, and its signals are observed to determine that they 
occur in the right sequence. When this has been accom- 
plished, the signals from the guidance system are fed 
into the control computer for deflection checks with 
the steering system. Considerable effort has been expend- 
ed to build testing consoles to check all three of these 
interrelated systems in order to assure a high degree of 
accuracy in hitting the target when the missile is fired. 
Generally, in the Steering System Tests, the special and 
accurate timing devices for the missile are checked at 
the same time. 

At the end of the test of the steering, attitude control, 
and guidance systems, another Overall Test is performed. 
During the running of this test. all of the guidance and 
control system in the missile is active and the ground 
lines are disconnected in order to simulate takeoff. When 
this test is successfully completed it has been demon- 
strated that the missile will work properly with regard 
to the power plant sequence and general network system 
in conjunction with the guidance and control of the 
missile, including the basic missile timing system. Dur- 
ing the running of the overa.l test the steering system 
is operated and the attitude control system is manipulated 
in a manner which will simulate missile motion. The 
output of the attitude control gyros then goes into the 
steering system and moves the control elements of the 
steering system in a manner which will represent a 
response to the attitude control system as it would occur 
during flight. 

Measuring Calibration. In order to determine ac- 
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curately the flight performance of a missile. it is neces- 
sary to make accurate measurements of many variables 
such as temperatures, vibrations, pressures, accelerations. 
control element deflections, and so on. In order to do 
this, measuring gages are installed on the missile and 
information from these gages is fed to the telemeter sys- 
tem. The gages may take various forms. For example, a 
deflection of some type might well be measured by the 
movement of a potentiometer. A pressure might well be 
measured by compression on a bellows and could be 
read from the movement of a potentiometer actuated 
by the bellows. 

Since a telemeter system will normally have a particu- 
lar voltage range in which information may be fed to 
the transmitter, it is necessary to modify the output of 
the various measuring gages, which may range from 
a very low voltage to a comparatively high voltage. 
so that these outputs may be acceptable to the telemeter 
system. This is generally done by means of an “adapter” 
box which may contain anything from a potentiometer 
up to a rather complicated amplifier. In calibration of 
the measuring system it is in most cases necessary only 
to adjust the gain of the adapter so that the output of 
the adapter from the measuring gage will match the 
output obtained in the laboratory. Thus a great many 
of the calibration activities fall into the category of 
simply verifying laboratory results after the measuring 


Fig. 6—The operator is here shown recording the output of a 
single measuring gage under calibration. Since the recorders in 
measuring calibration are used as a load on the measuring 
gages, substituting for the telemeter subcarrier oscillators, the 
value of the input impedance of the recorders has been changed 
to correspond to this. To the left is seen a “harp” bank. In 
each panel in the bank is a set of individually isolated hori- 
zontal and vertical wires which may be interconnected by 
means of a small clip. By using this bank, any wire on any 
incoming cable from the missile may be connected to any 
individual recorder point in the whole room. The bank shown 
has the possibility of 162,000 different connections, thus pro- 
viding maximum flexibility in minimum space. Facilities for 
patching into the building communication system are provided 
below the recorders. 
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gage and, if necessary, the adapter are installed on the 
missile. In a number of cases, however. actual calibra- 
tion curves on particular gages are run after the equip- 
ment is installed on the missile. This would be particu- 
larly necessary in cases of items which might not be 
completely assembled until the missile itself is completely 
assembled. 


Records of the measuring calibration are 
made on recorders (Fig. 6), and then submitted to a 
separate evaluation group which compares the records 
with the laboratory curves for the particular gages and 
measurements and determines whether the value for the 
output of the gage is acceptable, or whether the gage has 
to be readjusted, reworked, or replaced. 

Telemeter Calibration. It is difficult to separate 
entirely the functions of Measuring Calibration and 
Telemeter Calibration tests since they are so intimately 
related to one another in getting missile flight informa- 
tion back to ground. Inaccurate or undependable results 
from measuring and telemetering could possibly cause 
development of the missile along false lines. As long as 
the missile is in a development stage, and even into 
production, it is very desirable. at times, to measure 
what occurs during flight. The major portion of the 
time given to final performance testing of developmental 
missiles is given to the important area of Measuring and 
Telemeter Calibration. After Measuring Calibration has 
been completed, a Telemeter Calibration Test is run in 
which from the gages is fed 
through cables to the recorders on which the measuring 


measuring information 
calibration has been performed. These values are printed 
on the recorders, the information values are switched to 
the telemeter transmitters. the information as transmitted 
is picked up on an antenna located near the roof of the 


Fig. 7—A portion of the telemeter ground station. To the 
left are controls for the tape recorders which record the incom- 
ing signal. The operator on the left is adjusting an oscilloscope 
for monitoring the output of the telemeter receiver. To his 
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building, and is fed into the telemeter ground station 
where it is decoded and again recorded. The values from 
the telemeter records are then compared with the values 
as printed through cables on the recorders, and it is 
determined whether they compare within a certain fixed 
tolerance. In order to provide a reference source for 
precise measurement on the missile, a measuring voltage 
power supply is aboard which has an output voltage of 
4.97 volts, accurate to 0.03 volt. To run the Telemeter 
Calibration Test a fixed value is set into all the missile 
gages and the information is telemetered from all gages 
simultaneously. The output of the ground station receiver 
is recorded on oscillographic recorders (Fig. 7). In 
addition to this, a backup station records the values on 
a magnetic tape recorder in case of failure of the main 
ground station. If the value of the output of the measur- 
ing gages is held to within +1 per cent of the laboratory 
value, and if the values of the telemetering recordings 
are held to within +3 per cent of the recorded output 
of the gages, the total error of the system (including an 
allowance of approximately 1 per cent for reading error) 
will then come to approximately +5 per cent. This is 
a rather rigid requirement for accuracy as to output: 
however, the successful development of both the Red- 
stone and the Jupiter missiles has demonstrated that 
it pays off. 

Special Tests. In order to answer problems that 
arise suddenly, to try new methods of various sorts, or 
to have opportunity to check special individual missile 
systems that ordinarily would not tie in with any of the 
other system tests, a time is set aside for making special 
tests. A missile which has been assembled and almost 
completely checked for shipment to the firing site will 





Fig. 8 


immediate right are the discriminator units for 
the various subcarrier oscillator channels. On the 
far right are oscillographic recorders for record- 
ing final output channel by channel. 
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present the most desirable condition for making this 
type of test. In order to insure that the missile is still 
in excellent operating condition after these tests have 
been run, the tests are run prior to the major final test, 
which is the Simulated Flight Test. The special tests may 
take several forms, such as test of the rate of air flow 
from high pressure tanks, inverter operation and loading, 
special telemetering tests, special types of cooling tests, 
valve operations, and so on. Generally, however, the 
common denominator is the necessity for knowledge con- 
cerning the effects on a complete system or on the 
missile as a whole. 

A third Overall Test. which is run just prior to the 
Simulated Flight Test, has, over a period of time. be- 
come gradually more elaborate. It is generally run by 
giving simulated takeoff by switch. This allows the 
ground cables to remain connected to the missile and 
thereby provides a means of obtaining missile function 
signals during the time that flight is being simulated. 
This is advantageous in that timing can be rather well 
established. certain functions can be determined as 
having been executed in proper sequence, and observa- 
tions can be made which would not be possible with the 
ground cables disconnected from the missile. In addi- 
tion to this, the steering and guidance and control systems 
are active for this time, and all of the r-f systems are 
active in order to observe whether or not there is any 
mutual interference between the r-f systems. The test 
itself approaches the elaborateness of a Simulated Flight 
abbreviated, less formal, and 
\ successful completion of 


Test, yet is somewhat 
therefore easier to handle. 
this test indicates that the missile is in proper condition 
for performing a Simulated Flight Test in which all 






Two Jupiters are shown here in position for final testing, viewed 
through the screen-wire r-f cage. The cage provides a reduction in ambient 
r-f noise level of about 300 to 1. It is completely bonded, with copper under- 
neath the concrete floor, and the whole is grounded to the building ground, 
which is a large copper pipe sunk in a well drilled to the water level. 













Fig. 9—Loading pre-punched paper tape into the reading device 
which will play the timing program for a particular test into 
the missile programming device. Recording equipment is used 
to check the program in the missile as it is read back. 


systems are operating and a complete check on r-f noise 
and interference is made. 

Simulated Flight Test. As the name indicates, the 
Simulated Flight Test attempts to simulate missile con- 
ditions during flight as far as simultaneous equipment 
operation is concerned. This is to be distinguished from 
the various Overall] Tests in that, in most cases. certain 
individual systems are operated for the Overall Tests. 
The third Overall Test, as has been indicated. comes the 
nearest to being a complete Simulated Flight Test. During 
the Simulated Flight Test every attempt is made to 
check complete and simultaneous missile systems oper- 
ation thoroughly. Even the countdown of time up to 
takeoff follows. as far as is feasible, the countdown 
before an actual firing. 

The functions of the Simulated Flight Test are to check 
simultaneous operation of missile components and sys- 
tems and to obtain a quantitative indication of r-f noise 
level emanating from the missile which might interfere 
with telemeter transmission, spuriously trigger r-f track- 
ing devices, and so on. It would be impossible to make 
careful noise measurements in the vicinity of the assem- 
bly area with the high level of ambient noise coming 
from operation of machinery, electrical equipment or 
welding operations. For this reason all Simulated Flight 
Tests were for a long time held after normal working 
hours. However, tests were recently begun inside a large 
r-f screen made from a framework and window screen 
and arranged to completely cover one missile (see Fig. 
8). It is possible to test inside this screen even with a 
rather high level of external ambient noise. 


Since a check of r-f interference is an integral part 
of the Simulated Flight Test, components or systems are 
switched on one at a time. If any noise is noted. a check 
is made at that time to determine exactly how and why 
the noise exists. During the pre-takeoff warm-up period, 
most missile components and systems are switched on. 
given a brief operational test, and switched off again: 
the sequence recorders are also readied for power plant 
sequence operations and other electrical function indica- 
tions. About 7 to 10 min before time for “takeoff.” a 
recording is made through the calibration cables for 
the readings of all measuring gages; the cables are then 
connected to the telemeter transmitters for transmission 
during “flight” time. This gives, in addition to a qualita- 
tive and quantitative evaluation of occurrences during 
flight time. a possibility of checking any doubtful meas- 
urements left over from the Telemeter Test. 

The timing of functions for testing operations is again 
given in the case of this test by a test program sheet 
in the possession of each operator. There is a total of 
about 20 operators involved. After warm-up and check, 
all systems and components are again switched on in the 
pre-takeoff sequence. When the time of takeoff arrives. 
the ground lines are disconnected from the missile si- 
multaneously by a special disconnector, as in the case 
of the Overall Tests. Most of the operation from this 
point is automatically programmed by means of the 
on-board missile-programming device. This device has 
information fed into it from the punched-tape equipment 
shown in Fig. 9. However, several signals are put into the 
system manually for functional check during the flight 
time. For example, the gyros are tilted to check control 
displacements, pressures are varied to check pressure 
operations. and so on. 

After the test is completed any obvious difficulties 
are discussed, sequence recorder records are evaluated, 
and telemeter records are gone over. Any discrepancies 
are gone into thoroughly and, if necessary, further 
checks are made. Further testing. however, is held to an 
absolute minimum, since this test is performed in order 
to demonstrate that the missile is functioning properly 
as a whole, and is ready for shipment to the firing site. 
After successful conclusion of this test, no further opera- 
tions are permitted, other than preparation for shipment. 


Summary 


The final testing as presently conducted on the Jupiter 
missile is performed more as research and development 
final testing than as production final testing. In order 
that the firing group may have as much knowledge of 
the history of a particular missile as possible, a Final 
Performance Test Report is prepared in which a log of 
daily operations and individual system reports is includ- 
ed. This is shipped with the missile to the firing site. 
There is no doubt that the tests are not perfect as they 
are; however, improvement in methods and procedures 
occurs continually. 

One fact that appears to stand out in missile testing 
is that missiles are unique and that methods that apply 
elsewhere are insufficient here. A missile test firing is 
a one-shot affair, and a rather expensive one. Rigid re- 
quirements for workmanship and component performance 
are therefore necessary. The record of success with the 
testing described here has been very good and is im- 
proving. COO 
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med Storage Media 


¢ sources of perforated record equipment 


A basic reference for every engineer who must design or integrate machine 
















e milestones in the development of perforated tape and card 


¢ dimensional layouts of commonly used media 


e proposed EIA standard for I-in. perforated tapes 


systems utilizing perforated tapes or cards for programming or data storage. 


Applications include communications systems, office equipment, computers, 


H. L. THOLSTRUP, Engineer* 

FRpen, Inc. 

COMMERCIAL CONTROLS CORPORATION, SUBSIDIARY 
Rochester 2, N. Y. 


THE GREAT STRIDES of the past decade in the mechaniza- 
tion of information, communication and computation 
have vastly increased the use of perforated storage media: 
punched tape and punched cards. Actually, perforated 
materials were used to store information over two cen- 
turies ago. But the past fifty years have seen the emer- 
gence of a wide variety of perforated tape and card 
systems—some compatible with each other, many not so. 
This article will outline the development of perforated 
media, describe the primary forms in use today and 
report some of the efforts now being made to bring order 
to a field that has grown like Topsy. 

Jacquard Loom. One of the earliest applications of 
a perforated medium for machine control was made in 
1741 by a French mechanic and inspector, Jacques de 
Vaucauson, on a weaving loom. He used a sheet of 
metal, perforated with holes and rolled into a drum, to 
control the raising and lowering of the loom heddles as 
the weaving progressed, thus reproducing a programmed 
pattern with accuracy. In 1804 Joseph Jacquard sub- 
stituted perforated cardboard for the perforated metal 
drum to achieve more economical control of a larger 


*Chairman, Electronic Industries Association Subcommittee on Storage Media and 
Language (TR 24.4). 
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numerical machine controls, typesetters and automatic testers. 





pattern variety. This touched off a tremendous surge in 
the weaving industry. During the next eight years, there 
were over e.even thousand Jacquard looms built and sold 
throughout Europe. 

Then, with his “difference machine” in 1824, Charles 
Babbage attempted the first marriage of a perforated 
medium to a general-purpose computer by a combination 
of Vaucauson’s and Jacquard’s principles. However, the 
machine failed to function satisfactorily, not in principle, 
but through inability to machine the parts to sufficient 
accuracy. 

Up to this time, perforated media were used only to 
control something else on an individual hole basis. Com- 
binations of holes had not been used to give more func- 
tions than there were holes. This awaited the development 
of codes. 

Telegraph. In 1833 Gauss and Webber in Germany 
developed a five-unit code to replace the Semaphore 
signal system, and about the same time Samuel F. B. 
Morse invented the telegraph and the code system of 
dots and dashes known today as the Morse Code. 

Initially the telegraph was “read” by ear. But it was 
soon found that moving a strip of paper under a pencil 
attached to the armature made a permanent recording 
of the dots and dashes that the receiving operator could 
read visually, during transmission or at a later time. 
Wheatstone refined this technique in 1841 with the de- 
velopment of a tape-perforating telegraph recorder. The 
dots were recorded by punching holes toward one side 
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or edge of the tape, and the dashes were recorded by 
a similar hole being punched toward the other side. The 
tape was fed by a row of sprocket holes along its center. 
This type of tape was used for many years in the com- 
munication industry, to control the sending as well as 
the receiving of information. 

During the next few years, several new printing tele- 
graph designs followed: Royal House (1846), D. C. 
Hughes (1853), and G. Phelps (1856). Then, between 
1874 and 1885, Baudot combined the printing telegraph 
and the 5-unit code of Gauss and Webber. The Baudot 
printing telegraph caught on first in France, spread to 
England and is used throughout most of the world today. 
It is the basis of present Teletype communication systems. 

Teletype. The Teletype printing telegraph of today 
had its genesis in 1902 with an invention of Krum, who 
was financed by Morton, the president of The Morton 
Salt Company. A company was formed and in 1907 in- 
corporated to produce “Morkrum” tape-operated equip- 
ment. Then, in 1912, the Kleinschmidt Electric Company, 
manufacturer of electric motors, became interested in this 
development as a new application for their products. 
The two companies merged in 1924 to market the 
Morkrum-Kleinschmidt tape-operated printer. This com- 
pany was re-organized in 1928 as the Teletype Corpora- 
tion, which was later acquired by the American Telephone 
& Telegraph Company. 

Subsequently the Teletype Corporation developed and 
produced large quantities of perforated tape equipment, 
used principally by the communications industry through- 
out the United States. This system has been predicated 
on the five-level perforated paper tape as the medium for 
storing the information. This tape is shown in Fig. 2 in 
the column of tapes. Width is normally 114, in. A varia- 
tion is illustrated in Fig. 3. Kleinschmidt, Fig. 5, and 
Western Union, Fig. 6, are other 5-level communication 
tapes. 

There were several advantages to using a perforated 
paper tape for the printing telegraph industry. The hand- 
Morse telegraph system was slow-operating. Speeds 
depended upon operator skill and ranged from 10 to 
35 words per min with the average usually below 20 
words per min. By the use of perforated tape. the mes- 
sage could be typed on a typewriter-like keyboard, and 
the machine would produce both a perforated tape and 
a “hard” copy for local checking—at speeds averaging 
45 to 50 words per min. The perforated tape was then 
fed into a tape-reading transmitter, which scanned the 
holes in a row across the tape and sent the electrical 
pulses produced in sequence along a two-wire circuit io 
the receiving station. Early transmission rates averaged 
60 words per min. With improved transmission lines and 
equipment, this speed has been increased to 75 and many 
circuits operate even at 100 words per min. 

Teletypesetter. Teletype engineers soon found that 
the five-level tape limitation of only 32 possible combina- 
tions of characters, symbols, etc. (or 64 by putting two 
symbols on one typebar and shifting the platen, as with 
a typewriter) would not give enough combinations for 
application to the printing business. So, in the early 30’s, 





NOTE: Figures 1-19 and 21-32 are reproduced one- 


half actual size; Fig. 20 is approximately one-fourth 
actual size. 
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a six-level tape and associated equipment was developed 
and marketed through a separate company known as Tele- 
typesetter Corporation, recently merged with Fairchild 
Graphic Equipment, Inc., of Plainview, N. J. 

The type-casting machine was modified so the key- 
board could be actuated by equipment controlled by a 
six-level tape reader. This permitted 64 combinations 
to be available without shifting, which was more than 
adequate for the complete keyboard of the composing or 
typesetting machine. (The example of Teletypesetter tape 
in Fig. 8 shows the sprocket or tape feed holes centered 
longitudinally in the tape. The leading edges of feed and 
code holes, rather than their centerlines, are aligned 
across the tape. This permits the operator to readily 
determine the direction the tape should be fed into the 
reader. ) 

Meanwhile, tape systems other than five- and six-level 
were also considered. In 1899 Roland proposed an 
1]-unit code system, but this had only a short life. Much 
later, RCA developed a seven-level communications code 
using combinations of three punched holes out of the 
possible seven.* This gave a sufficient number of com- 
binations to cover all necessary characters, symbols and 
functions, with the further advantage that all signals sent 
were composed of three pulses and any omissions or addi- 
tion of a pulse at the receiving end indicated an error. 

Flexowriter. The electric typewriter, developed in 
the late 20’s and produced in the early 30's, appeared 
to be a possible communications printer, and soon at- 
tempts were made to apply the electric typewriter to the 
printing telegraph art. One such attempt was made, using 
the “Electromatic” typewriter, by H. Nichols and the 
author. Although the feasibility of applying this par- 
ticular typewriter to printing telegraph systems was 
demonstrated in the early 30’s, no commercial applica- 
tions were made in the communication field. The Electro- 
matic typewriter became, however, the forerunner of a 
whole new class of business machines. In 1941 the author 
developed a tape perforator controlled from the type- 
writer to produce a six-level perforated tape simulta- 
neously with a hard-typed copy. Also, a perforated tape 
reading unit and a keyboard actuating unit permitted 
automatic reproduction of the original hard copy. The 
latter was used as an “automatic letter-writer” and a 
substantial number of these were produced for business 
applications. Later, controls were added to permit the 
reproduction of duplicate perforated tapes at the same 
time hard copy was being produced. This equipment has 
been redesigned and condensed and is today known as 
the “Flexowriter,” used extensively in business systems 
utilizing perforated tape as a medium for storing and 
processing data. 

Typical Flexowriter tapes are shown in Figs. 1. 4, 7. 
9, 10, 11. Fig. 10 is an edged-punched card that accom- 
modates both perforated and hard-typed data on the 
same medium. 

The seven-level tape uses one level for control and the 
other six levels for the information or data. Also, a seven- 
level or even an eight-level tape may use one of the levels 
for a parity check system, i.e., if the coding for a char- 
acter or symbol contains an even number of code holes. 
an extra hole is punched in the “check” level to make 
the total number of holes punched in the tape an odd 
number. This permits detection of improper code com- 


*One of many ““M of N” codes now in use. See “Digital Codes for Numer- 
ical Control,"" W. H. T. Holden, Execrrican Manuracrurinc, Dec. 1956, p 105. 
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binations and reduces the probability of errors in the 
system. 

There is no limit to the number of hole levels that can 
be used for automating equipment, as shown by Figs. 12 
and 13. 

Machine Control Tapes. Three special tapes devel- 
oped for numerical control of machine tools are shown 
in Figs. 14-16. The tape used by the R. K. LeBlond 
Machine Tool Company is made of 0.005 in. Mylar and 
will accommodate a maximum of 32 holes punched across 
the tape. The tape used by Jones & Lamson Machine 
Company also takes 32 holes punched across the tape. 
This control tape was punched in 0.002 in. thick Mylar. 
Note the width, sprocket holes, coding holes and their 
spacing are all different from those of the LeBlond tape. 
The Pratt & Whitney tape has 12 holes or levels across 
the tape (which correspond to and are numbered the 
same as the hole levels of an IBM tabulating card, 
Fig. 21). 

Another machine tool tape is that used by the Arter 
Grinding Machine Company, Fig. 17—a six-level 1-in. 
wide tape. Hole combinations are not used in this ap- 
plication; instead, each hole level represents a different 
machine command and each hole represents a specific 
time increment. 

The Lavoie Laboratories also use a tape with but one 
hole in one level for an instruction, Fig. 18, for program- 
ming automatic test equipment. However, holes can be 
combined if more than 12 instructions are required. This 
tape is of bond paper, 15% in. wide. The holes are the 
same rectangular shape and size as those in an IBM 
tabulating card and are sensed by contact wires passing 
through the holes as the tape moves through the sensing 
unit. This same tape is also used by IBM for program- 
ming some of their tabulating machines, such as on the 
402, 403 and 407. 

Another perforated tape of considerable usage is the 
Lanston Monotype tape, Fig. 19, for controlling type- 
casting machines. The information keyboarding produces 
a perforated tape with 31 hole levels to store the informa- 
tion or text as well as the style and size of type and 
justifying information. This format permits verification 
before the tape is fed to the sensing unit that controls 
the typecasting machine. 

Perhaps the widest perforated tape used today is shown 
in Fig. 20. This is produced on special punching equip- 
ment and used to control a typewriter keyboard directly. 
There are 51 rows of holes, one for each key on the type- 
writer. A hole is punched for each character to be printed 
or typewriter function to be accomplished. The tape is 
a parchment-type paper, 1114 in. wide. This system was 
derived from the old player piano. Each hole acts as 
a valve opening in a vacuum line to permit the collapse 
of a small bellows connected to a key lever on the type- 
writer. This tape is used by the American Automatic 
Typewriter Company and also by the Robotyper Corpo- 
ration. 

Punched Cards. The use of punched cards as a per- 
forated storage medium is old. In 1872, Charles Seaton, 
chief clerk in the Census Bureau, invented a mechanical 
tabulating means for statistical data. A data storage func- 
tion was added in 1887 when Dr. Herman Hollerith, then 
chief of the Census Bureau tabulating section, extended 
Jacquard’s punched paper idea by putting rectangular 
holes in certain areas on a card to represent specific 
information regarding the individual. Thus the cards 
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could easily be sorted into groups for specific informa- 
tion and then rearranged or selected for other data. This 
eventually became the IBM System. 

In 1890, another member of the Census Bureau, James 
Powers, developed a mechanical means of sensing and 
recording the information punched into the cards. This 
system, using round holes, was known as the Powers 
System and eventually became the Remington Rand Sys- 
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20 American Automatic Typewriter Co. Autotypist tape 
identical to Robotyper Corp. tape 


tem, also used by Underwood-Samas and known as the 
Powers-Samas System in Europe. 

The size and shape of the cards for both systems 
changed several times in ensuing years. Figs 21 and 22 
carry the dimensions of the IBM and Samas cards most 
commonly used today. The number of columns of holes 
in the cards are 80 columns for the IBM card and 40 
columns for the smaller Samas card. Each has 12 rows 
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along the card. The coding in the IBM card uses a single 
hole for the digits and a combination of two holes for 
alphabet letters. Normally, no two holes in a column 
are adjacent. In some of the more recent machines, 
additional symbols are required and these require com- 
binations using three holes in a column. The coding of 
the Samas card is very similar to that of the IBM code. 
usually alpha-numeric without the added symbols. Figure 
22 shows the present card code. 

The Remington Rand or Sperry Rand System has two 
basic equipment types: the size and shape of both cards 
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are the same as for IBM cards, but the holes are round 
and there are 45 hole columns per card. Figure 23 
shows the alpha-numeric coding for the 45-column card, 
which is noticeably different from the IBM card code. 
The so-called 90-column card of Fig. 24 actually has only 
45 columns, but each column is divided in the middle. 
The upper half is used to store one character or digit 
and the lower half another, so the card can thus hold 
a total of 90 units of alpha-numeric information. This 
coding requires as many as three holes in half a column 
to represent the alpha-numeric information. 
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British and French tabulating cards, Figs. 25-27, have 
a card size, shape, hole size and hole location identical 
to the IBM card. However. the coding is different. The 
British have two coding systems which are obviously not 
compatible in the alphabetic portion but are for the 
0-9 digits. The French Bull coding system is compatible 
only for the digits to either the British or the United 
States IBM; the alphabetic coding is unlike any other 
tab card code. 

Special-Purpose Perforated Media. Perforated 
cards can be made in almost any size and shape for 
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31° Rapidata Corp. card-sort system; upper card is uncoded, 
lower card is coded 
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32 E. Z. Sort Co. edge-card-sort systems; one of many 
possible shapes and seven different methods of 
coding 


specific applications. One of the smallest used is the 
Dennison garment tag of Fig. 28 which measures 1 x 2.7 
in. A weighted decimal code is used with a check bit for 























































































































improved accuracy; code holes are only 0.047 in. diam. 
The rectangular hole and a larger round hole are used 
by the the 
reading. 

The Kimball marker tags of Fig. 29 are also used 
widely in the garment industry. This tag has even smaller 
code holes, only 0.040 in. diam, but does have space for 
four blocks of digital information, each 12 digits long. 


interpreting machine to orient card for 


The same decimal coding as for Fig. 28 is used on this 
card. Although the length of the Kimball card may vary, 
depending on the amount of fixed preprinted information 
required on the card, the relationship between code hole 
locations is unchanged. Both a short and long card are 


Table H—EIA Standards Proposal 
(26 September 1958) 




























































































































shown in Fig. 29. The relationship between all code hole 
locations remains the same. 

Perforations can also be used to preserve the outline 
of both characters or digits. This is fairly commonly done 
on checks, bills and receipts (Fig. 30) as it is a positive, 
not easily altered method of protecting and preserving 
the information so punched. 

Sorting Systems. For specific types of recorded 
information, many card systems have been proposed for 
locating a particular item or group from many items: 
the example shown in Fig. 31 has all cards pre-punched 
with holes (upper card) for uniform card-to-card hole 
registration. Then the cards are coded by removing ap- 
propriate portions of the pre-punched columns (as shown 
in the lower card of Fig. 31) by a special hand-operated 
punch. The cards are all stacked in a file. When all cards 
with specific information are wanted, a wire or rod is 
poked through the line of holes for that digit and then 
raised. The cards bearing that digit will rise with the 
rod and can be readily removed for further study. 

A representative example of a number of so-called 
“edge card sorting” systems is shown in Fig. 32. These 
systems permit using any size or shape of card, 114 x 2 
up to 9 x 12 in. or larger. The specific illustration is 
approximately the size of a conventional IBM tabulating 
card. As may be seen from the figure, the card is origi- 
nally pre-perforated according to the amount of informa- 
tion to be stored; also, the type of perforation is deter- 
mined by the coding method chosen. different 
codings are shown in Fig. 32. All are basically decimal 
codes, but the different placing of the holes may speed 
up some of the sorting. For the actual sorting, wires or 
rods are inserted to raise the desired cards. 


Sev en 


Media Compatibility. There are many more types 
of punch-record storage media than have been presented 
here; however, it is believed that this display will illus- 
trate both their variety and their wide use: communica- 
tion systems, office equipment, computers, machine tools. 
typesetting and automatic testing are but a few of the 
applications. The information is usually stored in the 
medium in some coded system. There are many such 
coding systems, such as binary, binary-coded decimal. 
weighted 4-bit code, excess-3 code, bi-quinary, bi-hexa 
decimal, etc. Each seems to have its virtues for specific 
applications; the associated circuit elements and equip- 
ment economy dictate the coding to be used. 

There is one factor which is, no doubt, apparent from 
the variety of media shown, and that is non-compatibility 
of the media, first in the physical dimensions of the 
media and next in the format of the coded language. 

Table I is a compilation of commonly used perforated 
tapes with their dimensions and tolerances. The relation- 
ships between the larger or code holes and the smaller 
or feed holes are in most cases pretty close; they are 
usually punched on longitudinal and transverse center 
lines equally spaced 0.100 in. apart. There are a few 
tapes where the feed hole is advanced about 0.0125 in. 
so that the leading edge of the sprocket or feed hole lines 
up with the code hole leading edges. The Western Union 
Company uses this arrangement. 

Most code holes are very nearly the same size and so 
are the sprocket or feed holes. There is a difference be- 
tween some of the tapes in the dimension from the edge 
of the tape and the center line of the feed holes. This 
difference may cause difficulty when tapes obtained from 
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Table ill—Manufacturers of Perforated Record Equipment* 





Card-to-Tape : 





Analog Controls, Inc., Mineola, L. |., N. Y. 

Austin Company, 76 9th Ave., New York 11,N. ¥ 

British Tabulating Machine Co., Ltd., 17 Park Lane, London, W 1, England 

Burroughs Corporation, Electro Data Div., 460 Sierra Madre Villa, Prantone, Calif. 
California Technical Industries, Div. of Textron Inc., 1421 Old County Rd., Belmont, Calif. 


went Arad ep wore 408 Junipero St., San Gabriel, Calif. 

al Controls Corporation, Sub. of Friden, inc., 1 Leighton Ave., Rochester 2, N. Y. 
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Epsco, inc., 588 Commonwealth Pag Rais 15, Mass. 
E-Z Sort System Ltd., 45 Second Ave., San Francisco, Calif. 


Ferranti Electric, Inc., 95 Madison Ave.. Hempstead, N. Y. 
Film Sort, Inc., 330 West 42nd St., New York, N. Y. 
Friden, Inc., San yoni Calif. 
se er Corp., 331 Centennial Ave., Cranford, N. J. 
ok Electrical Instrument Co., 10514 Dupont Ave., Cleveland 8, Ohio 


Huck Manufacturing Co., 2480 Bellevue Ave., Detroit 7, Mich. 

nternational Business Machine Corp., 590 Madison — New York 22, N. Y. 
A. Kimball Company, 444 4th Avenue, New York 13, N. Y. 

Kleinschmidt Labs, Inc., Div. ue Smith-Corona Marchant, Inc., Deerfield, Ill. 
Lavoie Labs, Inc., Keyport, N 


R. K. LeBlond Machine Tool Co., Cincinnati 8, Ohio 
Pm Inc., 808 Western Ave., Glendale, Calif. 
Honeywell Regulator Co., 10721 Hanna St., Beltsville, Md. 


Minneapolis- 
Monroe Calculating Machine Co., Inc., 555 Mitchell St., Orange, N. J. 
F. L. Moseley Co., Inc., 409 N. Fair Oaks, Pasadena 3, Calif. 


Potter Instrument Co., Inc., Sunnyside Bivd., Plainview, Long Island, N. Y. 
ek Sea Acc’ WY, Machine Co., Ltd., London, py on 
Pratt & Whitney ne, Charter Oak Blvd... West artford, Conn. 
RapiData Corp., Ya ibhe” St., Rochester 4, N. Y. 
Remington Rand Univac Div. of Sperry-Rand Corp., 315 4th Ave., New York 10, N. Y. 


Royal McBee Co., Port Chester, N 
Soroban Engineering, Inc., Box 1Ti7. ‘Melbourne, Fla. 
Taller & ee inc., PDP Div., Sub. of American Peg ig tag Inc., 75 Front St., Breeklyn, N. Y. 
i R pews se 5300 14th Ave., N. W., Seattle 7, Wash. 
Taurus ation (formerly Metron Corp.) 8 Cervelt St., Lambertville, N. J. 
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*Does not include manufacturers of code converters, magnetic-paper tape/card converters, and other related equipment ‘although many of the companies listed do 
make such equipment. : 


several machines are fed through a tape reader or sensing the equipment and often remaking one or more of the 

unit on which the edge guide has been set very close to tapes to obtain satisfactory operation. 

the tape. In view of the number of years that punched tape and 
By comparing the variation of a particular dimension card media have been used, it is surprising there are no 

and tolerance for each tape listed, it is obvious that there industry-wide standard dimensions and tolerances on 

is a wide range of dimensions possible for tapes of the (Continued on page 276) 

same nominal width and number of levels. Thus there 





can be considerable total variation between tapes made 
on different machines. This has caused incompatibility 








at times and required re-adjusting the tape guides on 
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The Silicon Controlled Rectifier— 


A Semiconductor 
Power Switeh with 


Microsecond Response 


New semiconductor component combines features of power tran- 


sistor and rectifier. Applications notes are presented in this 


article for the new device with thyratron-like characteristics. 


Fig. 1—Silicon controlled rectifier. 
Thyratron-like characteristics per- 
mit wide range of applications. 
(Shown here twice actual size.) 


THE USEFULNESS OF SEMICONDUCTORS in power circuits 
at normal line voltages has achieved a major break- 
through with the development of the silicon controlled 
rectifier. Its outstanding control characteristics make the 
controlled rectifier a logical challenger to the thyratron. 
the ignitron, the magnetic amplifier, and the power tran- 
sistor in the proportional control of power to a load from 
an a-c source. In addition, its very low voltage drop 
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Fig. 2—Semiconductor material configuration and_ circuit 
symbol for the silicon controlled rectifier. 


62 


F. W. GUTZWILLER 
Application Engineering, Semiconductor Products Dept. 
GeneraL Evecrric Company, Clyde, N. Y. 


while in the conducting state and its small size and 
simplicity of control make the controlled rectifier a very 
likely prospect for the more prosaic, but vital, job of 
simple on-off switching of power loads. In this mode of 
operation, the speed of response of the controlled rectifier 
and its lack of moving parts make it capable of improv- 
ing on the functions of the simple mechanical switch, the 
relay, contactor, circuit breaker and fuse. This discuss- 


Forward current 





Reverse voitoge 








Forword voltage 





Reverse current 


Fig. 3—Controlled rectifier anode-cathode characteristics. 
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ion is concerned only with the latter general type of 
function; that is, complete opening and closing of a 
circuit to a load. 

Figure 1 shows a medium-current silicon controlled 
rectifier, the General Electric ZJ-39A. Brief specifications 
and ratings are listed in the accompanying table. This 
unit is capable of handling currents up to 16 amp 
average and will operate in circuits with peak voltages 
up to 300. The semiconductor is mounted on a con- 
ventional % , in. copper hexagonal base with a 14 in.-28 
stud for attaching the cell to a heat sink for cooling 
purposes. 

The semiconductor configuration of the controlled 
rectifier is shown in Fig. 2 together with the circuit 
symbol. This semiconductor is composed of four alter- 
nate layers of p- and n-type silicon with an ohmic con- 
tact to the top n-layer acting as a cathode, another con- 
tact to the bottom p-layer acting as an anode, and a third 
contact to the center p-region performing the control 
function on the main flow of load current from anode to 
cathode. The schematic symbol for the controlled rectifier 
consists of the arrow of a conventional semiconductor 
diode with the addition of the third, or gate, lead symbol. 

Figure 3 illustrates the forward and reverse electrical 
characteristics of the anode-to-cathode circuit of the 
controlled rectifier with no signal on the gate. The re- 
verse characteristic in the third quadrant is similar to a 
typical silicon diode rectifier, exhibiting very low re- 
verse current up to and beyond the rated peak inverse 
voltage of the device. The forward characteristic in the 
first quadrant exhibits similar blocking ability up to the 
breakover point indicated by V»,. At this point, the 
resistance of the device decreases almost instantaneously 
to the point /,. Once the controlled rectifier has broken 
over, current through the device is determined by the 
external circuit voltage and impedance, and the forward 
voltage drop across the controlled rectifier is essentially 
that of a forward biased silicon diode rectifier. A low 
power level current in the gate-cathode circuit acts to 
switch the controlled rectifier into the conducting state 
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Fig. 4—“Representative” circuit for controlled rectifier opera- 
tion in terms of classical control symbols. 


even though an anode voltage of less magnitude than 
Vy. is impressed on the cell. This will be the mode of 
operation in most practical circuits. 

A “representative” circuit for the controlled rectifier is 
shown in Fig. 4 in terms of classical control symbols: two 
diodes, a battery and a current relay. Whenever the 
cathode is positive with respect to the anode, diode D1 
blocks the flow of current regardless of whether or not 
control current is flowing in the gate-to-cathode circuit. 
When the supply voltage is reversed so that the anode 
is positive with respect to the cathode, the battery will 
block the flow of current until the anode-to-cathode vol- 
tage exceeds the battery voltage, V,,. As soon as the anode 
voltage exceeds V,,, current flows from anode to cathode 
through the coil of the current relay. The relay picks up 
and shorts out the battery with its contact. From this 
moment on, the voltage drop from anode to cathode 
becomes essentially the forward voltage drop of a con- 
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Fig. 5-—Control characteristics for Type ZJ-39A silicon controlled rectifier. Shaded 


area represents locus of possible firing points. 
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300 Fig. 6—Simple switching circuits provide 
half-wave rectified d-c from an a-c source. 
In (a) the gate is supplied by a separate 
voltage source; in (b) the gate current 
is obtained from the main power source. 
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ducting diode, and current through the controlled rectifier 
is determined by the external circuit voltage and im- 
pedance. Load current continues to flow until the supply 
voltage and load current decrease to a point (J;,) at 
which the current relay drops out, permitting the battery 
voltage V,, to be effective in blocking current once 
more. 

The discussion about the representative circuit of the 
controlled rectifier has thus far ignored the gate con- 
nection. It is evident from the circuit that the current 
relay can also be picked up by a small value of current 
flowing from gate to cathode. In this manner the battery 
can be shorted out without the necessity of increasing the 
anode-to-cathode voltage to the value of V,,. With the 
presence of a low-voltage gate signal, load current will 
start to flow whenever positive voltage is present on the 
anode. Once started, load current will continue to flow 
as long as positive anode voltage is available even though 
the gate current signal is removed subsequent to firing. 
Under these circumstances, the operation is analogous to 
that of a self-holding relay, and the loss of control by the 
gate once the controlled rectifier is fired is analogous 
to the loss of control by the grid of a thyratron or the 
d-c winding of a magnetic amplifier once these types of 
devices have “‘fired.” 

lhe controlled rectifier has several outstanding features 
that give it unique advantages over other types of con- 
trol components. Some of the more noteworthy features 
are: 

1. The very low voltage drop across it while conduct- 
ing (less than one volt at normal load currents). 

2. Completely static operation (no moving parts or 
wearout mechanism). Thus, high reliability and long life 
are inherent features and the device operates noiselessly. 

3. Very fast firing and recovery. 

4. The absence of a filament, which in turn eliminates 
warmup delay and standby power consumption. 
5. High temperature operation (currently up to 125 
Cc); 

6. Small size and weight. 
7. Extreme ruggedness. 

8. High efficiency: above 99 per cent at 100 volts and 
higher. 
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Fig. 7—A self-holding d-c static contactor. Open circuit exists 
until a pulse of charging current from the capacitor is applied 
to the gate through the start pushbutton; current then flows 
through the load until the stop button is actuated to divert 
load current momentarily through C. 
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Figure 5 illustrates the control characteristics of the 
ZJ-39A controlled rectifier. The shaded area represents 
the range of firing points that may be expected for 
maximum and minimum characteristics and for the in- 
dicated junction temperature limits. As junction tempera- 
ture increases, gate current requirements for firing 
decreases. Because of the variation of firing current with 
temperature, it is good practice to use a steep wavefront of 
gate current whenever precisely timed firing is required. 

The silicon controlled rectifier switches from the 
blocking or high resistance state to the conducting state 
in approximately one microsecond. Recovery of block- 
ing ability after conduction (analogous to de-ionization 
time of a thyratron) varies between 1 and 20 microsec, 
depending upon junction temperature and circuit param- 
eters. Because of this fast switching time, very sub- 
stantial blocks of power can be switched without danger 
of harming the controlled rectifier by generation of ex- 
cessive heat. For example, the ZJ-39A can successfully 
switch 40 kw. While switching loads of this magnitude, 
heating inside this small device exceeds 10 kw for a brief 
fraction of a microsecond. 


Switching Circuits 

Switching circuits employing the controlled rectifier 
are ideal for applications where contact sticking, wear 
and bounce as experienced with relays or contactors 
would otherwise be objectionable. The absence of a 
wearout mechanism in the controlled rectifier makes it 
particularly adaptable to high duty-cycle requirements. 
Speed of pickup and dropout is essentially instantaneous 
as compared to mechanical and magnetic types. 

The simplest switching circuits using the controlled 
rectifier are half-wave circuits operating from an a-c 
source as shown in Fig. 6. Since the voltage rating of 
the controlled rectifier is selected to exceed the peak 
of the a-c supply voltage under all conditions, no voltage 
will be impressed on the load in these two circuits until 
the gate circuit is energized. In Fig. 6a, the gate is 
supplied by a separate source of voltage. Figure 6b 
illustrates how gate current may be secured from the 
main a-c voltage supply. In either case, the output across 
the load will be half-wave rectified d-c which may be 




















Fig. 8—A circuit similar to that of Fig. 7 but with another 
controlled rectifier and a Zener diode substituted for the stop 
button to provide instantaneous overcurrent protection. (See 
text.) 
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Silicon Controlled Rectifier, Maximum Ratings 


ZJ39A-25 





G-E designation ZJ39A-75 ZJ39A-150 ZJ39A-300 





Forward breakover voltage, Vio 75 150 300 
Continuous PIV 75 _ 150 300 
Transient PIV 110 225 400 
Average forward current 16 amp at 65 C stud temperature and 180 deg conduction angle 
One-cycle surge current 150 amp 

Storage temperature —65 to F150 Cc 

Operating temperature —65 to +125 C 











Characteristics at Maximum Continuous Ratings 





Maximum forward voltage —_ 
Maximum reverse current 
Maximum gate current to fire 
Tr amenaand ati yon adhd 
m thermal resistance (junction to stud) 
Typical holding current, J; 


0.75 volt (full cycle average) 
(full cycle average) 


aa 
ma 
volts 
deg C per watt 
ma 


5 
3 
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controlled by a low-current device such as the contacts on 
a thermostat, pressure switch, or a sensitive current relay, 
or by an electron tube, transistor, or saturable reactor. 

A simple self-holding d-c static contactor is shown in 
Fig. 7. The circuit is open whenever the 
rectifier is in the nonconducting state. 
closing the gate circuit, 


controlled 
By momentarily 
here represented by a START 
pushbutton, a pulse of charging current will flow through 
the load capacitor C and into the gate-cathode circuit. 
thus turning on the switch. Supply voltage will be im- 
pressed on the load, and capacitor C will charge up to the 
supply voltage through the 50 K-ohm resistor. Current 
will continue to flow through the load until such time as 
the stop button is depressed. This diverts load current 
through C for the few microseconds necessary for the 
controlled rectifier to recover its blocking state. 
In Fig. 8, another controlled rectifier. CR2. 
stituted for the stop button of the 


is sub- 
preceding circuit 
to achieve a static contactor with instantaneous over- 
current protection. A low value of resistance, RJ, is in- 


serted in the main load current circuit, and the gate 











Fig. 9—Self-protecting single-phase bridge rectifier uses two 
conventional diode rectifiers and three controlled rectifiers. 
Circuit interruption will occur the first time the load current 
through CRI or CR2 reaches zero after the control device CR3 
has been tripped due to excessive load current through r. 
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Under normal load cur- 
rent conditions, the voltage drop across R/ is negligible. 
However. if a short circuit occurs in the load, the current 
through R/ and the voltage across it start to rise abruptly. 


of CR2 is connected across it. 


As soon as this voltage exceeds a predetermined value 
(in this case the avalanche voltage of the Zener diode), 
CR2 will fire, thereby interrupting the flow of fault cur- 
rent through CRI within a matter of microseconds in a 
manner similar to the d-c switch action described in 
Fig. 7. Under these conditions, this circuit offers genuine 
current limiting interruption. For normal opening of the 
circuit, CR2 can be fired by the stop button provided. 

By adding inductance to R1, interruption will respond 
to the rate of rise of current. By choice of a proper 
temperature coefficient for RJ, the resistance can be made 
to vary with the heating of the load current passing 
through it so that functioning of the switch will respond 
to the inverse time-current characteristic for fi?dt. 

The controlled rectifier may also be substituted for 
diode rectifiers in conventional rectifier configurations 


(Continued on page 109) 

















Fig. 10—Two controlled rectifiers are connected back-to-back 
to deliver a-c power to the load when the gate circuit is 
energized. 





Two-Speed Drive + Positioning with 





Demonstrator model of adjustable voltage transformer control and positioning motor. 


A basic innovation in the induction motor has produced a new class of rugged and ver- 


satile motors offering accurate power positioning without closed-loop complications. The 


operating principle, that of sequential stepping from voltage phase or pulsed input, 


leads to new and useful drives including synchronized groups of power motors and 


wide-range speed combinations in one motor for such applications as machine tool slow 


feed and rapid traverse. 


S. NOODLEMAN 
Tue B. A. Wescue Evecrric Company 
Cincinnati, Ohio 


POSITIONING, WIDE SPEED RANGE and operation at various 
locations in synchronism are typical modern require- 
ments for machine drives and similar applications of 
motive power. The various solutions to these demands 
for control-responsive power drives usually involve the 
use of feedback loop circuits and the general principle of 
power from motors regulated by more or less sensitive 
control equipment. Power drives that in themselves pos- 
sess control characteristics are not common, and are 
usually narrowly specialized rather than versatile. 
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A new form of electric motor* that is basically a rug- 
ged power-producing induction motor offers a flexible 
combination of control capabilities as well. Operating 
from a master rotating switch, for instance, a group of 
these motors will run and drive in step; that is, syn- 
chronously with one another in speed and angular po- 
sition. With other ordinary and rugged control equip- 
ment, one of the new step motors will drive through a 
fixed angle for each succeeding pulse delivered to it, or 
can be arranged to operate as a power motor at high 
speed and then at a very low stepping speed for such 
purposes as rapid tool traverse followed by slow feed. 

The new motor, Fig. 1, employs the principle of a 


**A New Type Step Motor,”’ S. Noodleman, AIEE Paper No. DP 57-464. 
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New Step Motor 








Fig. 1—Thirty-six position 
step motor, stator and rotor. 








Fig. 2—Flux pattern of elemental 
step motor, rotor in neutral position. 




































































Flux plot (stator) Fig. 5—Circuit diagram of two- 
pole, three-phase step motor. 





Fig. 3—Flux pattern, rotor dis- 
placed from neutral position. 


Fig. 4—Theoretical torque-displacement characteristic, elemental step 
motor. 
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Fig. 6—Pole locations for two- 
pole, three-phase step motor. 
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squirrel-cage rotor having groups of bars which. when 
placed in a single-phase a-c field, will experience cur- 
rents causing a positioning torque. The center of the 
rotor bar group tends to align with the center of the 
stator magnetic flux. An immediately evident advantage 
of the motor derives from the squirrel cage rotor con- 
struction with its inherent simplicity and freedom from 
windings and brushes with their maintenance require- 
ments. 
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Fig. 7—Performance characteristics of small step motor oper- 
ated as induction motor. 
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Fig. 8—Torque displacement characteristic of 
small step motor shown in Fig. 9. 


Fig. 9 (right)—Step motor and switch con- 
trol for indexing every 60 deg through any 
number of revolutions. 
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The flux pattern for a single-phase stator with a rotor 
having bars in groups is shown in Fig. 2. There is a 
small amount of current circulating between one rotor 
pole, or bar group, and the other, limited by the large 
iron cross section and consequent high reactance of these 
paths. On each side of the center of pole flux, circu- 
lating currents position the rotor and tend to hold it. 
Figure 3 shows the distribution of the fields when the 
rotor is moved from its neutral position and the torque- 
creating circulating currents between rotor bars tend to 
restore the rotor to the initial central position of Fig. 2. 
The rotor tends to assume a position corresponding to 
minimum rotor currents. As the rotor pole is moved 
away from the center of stator flux, increasing circulating 
rotor currents result until, with the rotor pole center 90 
deg from the stator flux center, the direction of torque 
on the rotor reverses abruptly. Rotor torque in terms 
of angular displacement for the single-phase two-pole 
device described is shown in Fig. 4. 

A number of windings may be placed in a stator and 
equally displaced from one another. If these windings 
are successively energized, the center of pole flux will be 
shifted and a rotor with bar groups or poles will step 
and align with the center of pole flux of each winding in 
turn. A two-pole rotor with a “three-phase” stator is indi- 
cated in Fig. 5. The stator neutral connection is provided 
to permit energizing of each winding independently. 
When phase 0-1 is energized, the rotor will align with 
the field due to this phase. With current in phase 0-2 
alone, the rotor will displace 60 deg mechanically from 
its original position, and phase 0-3 will cause a similar 
and further 60 deg rotation of the rotor. Re-energizing 
of phase 0-1 will cause the rotor to rotate an additional 
60 deg. with the net result a 180-deg rotation from the 
initial position. Successively connecting these phases will 
continue to cause rotor rotation as desired. Reversing a 
sequence will cause reverse rotation of the rotor. 

Since the rotor currents are induced, there is no fixed 
polarity relation between the stator and the rotor. Con- 
sequently, rotor poles are induced independently of the 
polarity of the stator poles. As phases 1, 2 and 3 are 
energized in that order, the sequence of steps will be 
from N1 to S82, then to N3, Sl, N2, S3 in succession 
(Fig. 6). 

The number of degrees of step angle of the rotor 
360/p0, where p is the number of poles and ¢ 
is the number of phases. greater than two. 
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Fig. 10—Motor performance characteristics of 36-position step 
motor (Fig. 1). 


Fig. 11 (right)—Torque-displacement characteristic of 36-posi- 
tion step motor (Fig. 1). 


Two-phase arrangements of the type of motor described 
will not provide proper angular positioning because the 
positioning torque becomes unstable at 90 deg from nor- 
mal neutral position. A two-phase stator winding would 
try to position the rotor 90 deg from the neutral position. 
In general, it may be stated that the maximum step angle 
cannot be greater than 24 of the angle from neutral posi- 
tion to the point of torque instability, that is, 


120 
p 


Max. stepping angle mechanical degrees 


Any angular movement less than the maximum step 
indicated in the foregoing can be obtained by design. 
The device is limited to a step angle of 60 deg or less, 
in practical effect. For three-phase design, the step angle 
may be 60 deg, or 30, 15, 71% and so on, degrees, de- 
pending upon the number of poles in the design. With 
more phases, smaller step angles can be obtained. 

Motor Operation. Since the device described is 
basically a squirrel cage rotor in a polyphase stator, motor 
operation can be obtained in addition to the stepping ac- 
tion. Figure 7 shows the speed-torque and performance 
characteristics of a step motor operated as a three-phase 
conventional motor. Of course, in three-phase operation 
the lines are connected to terminals 1, 2 and 3 and the 
supply voltages required are \/3 times the single-phase 
voltage that is applied from line to neutral to operate the 
unit as a step motor. Figure 8 shows the torque-displace- 
ment characteristic of the same motor operated stepping. 
While the angular displacement from zero torque to the 
unstable torque point is determined by the number of 
poles, the slope of the torque-displacement curve as it 
approaches zero torque, and that portion of the torque 
curve of constant maximum torque, are determined by 
the number of rotor bars and their arrangement in re- 
lation to the rotor diameter and to the number of sta- 
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tor poles. Accordingly, it is possible to control these 
factors in design for desired performance characteristics. 
The performance curves of Figs. 7 and 8 apply to the 
small demonstration motor, Fig. 9, shown with various 
test rotors. The larger motor shown disassembled in Fig. 
1 is designed for 36 stepping positions; its performance 
characteristics are indicated in Figs. 10 and 11. 

The new step motor is a two-speed device of very wide 
range and inherently suited to many positioning and 
indexing applications, because it can be operated both as 
a slow-speed stepping device with appropriate external 
switching and as an induction motor. Even when induc- 
tion motor operation is not desired, the fact that slow- 
speed step driving is obtained from a motor that will 
withstand high-speed rotation without de-clutching per- 
mits control and equipment simplification for many 
applications in which slow speed is required for part 
of the operation. 

Application. When operated as a stepping device, 
the motor exhibits considerable hunting when the rotor 








Fig. 12—Motor-driven commutator switch for continuous low- 
speed operation of step motor. 
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Fig. 13—Positioning-motor circuit using variable voltage trans- 


former. 
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Fig. 14—Circuit for use of tapped transformer for angular posi- 
tioning with step motor. 
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Fig. 15—Circuit for successive high-speed induction motor and 
low-speed stepping motor operation. 
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is positioned from step to step. Since the device inher- 
ently possesses a high ratio of inertia to friction when 
operated no load with no external friction. damping of 
some type must be provided in order to prevent con- 
tinual hunting. The form of damper to be employed de- 
pends upon the performance desired. In the step motor 
shown in Fig. 9 an inertia weight mounted on a friction 
bearing acts as a damper to absorb the oscillations gen- 
erated during each step. In many applications, it is 
desirable that no hunting occur and a single-direction 
clutch can be used that will permit the rotor to step 
beyond its neutral position but prevent any return to its 
point of zero torque. This. of course. produces a dead- 
beat unidirectional device but introduces some angular 
error. 

In considering the various forms of application of the 
stepping motor. a noteworthy point is that one switch 
can of course drive a number of step motors. Since the 
units can be designed for a variety of pole combinations. 
one switch can drive step motors having different step 
angles as desired. 

By using commutator or other types of rotary switch- 
ing devices, it is possible to operate these units as vari- 
able-speed a-c induction motors in exact synchronism 
with the speeds determined by the commutator. This is 
particularly useful for low-speed operation without the 
need for expensive control equipment. A sequence switch 
of one type designed for use with the motor is shown in 
Fig. 12. This causes the step motor to step continuously 
at a speed, usually low, determined by the speed of rota- 
tion of the motor-driven switch. 

At the head of this article is shown a demonstration 
step motor with a standard yariable-voltage transformer 
for positioning at any angle. The basic circuit for this 
form of operation is shown in Fig. 13. When the brush 
arm is moved to its maximum position, moving the rotor 
to 90 deg, reversing lines 1 and 2 causes the motor to 
position from 90 to 180 deg as the transformer brush 
arm is moved back to the zero position. With the rotor 
at 180 deg, reversing lines 1 and 2 permits positioning 
from 180 to 270 deg, so that any angle can be positioned. 

The ideal circuit for positioning the step motor would 
provide voltages to the motor windings of magnitudes 
proportional to the sine and cosine of the position angle, 
in order to produce constant torque throughout the entire 
rotor travel. Using the standard readily available vari- 
able-voltage transformer, only the zero, 90 deg and cor- 
responding angles of 180 and 270 deg produce the de- 
sired voltages. At the 45 deg position, for instance, only 
50 per cent of line voltage is applied to each phase, 
as compared to the 70.7 per cent that would be required 
for constant torque. 

Angular rotor position is expressed by the equation 

tan @ = E,/k2 
where 
6 = angular displacement, deg 
E, = voltage applied to phase | 
E, = voltage applied to phase 2 

The per cent torque developed at any angle is given 
by the equation 
Ve 


B= —— 


+ E; 
E ; 


where E = applied voltage. 
These relationships express the basic approach to using 


ELECTRICAL MANUFACTURING 





Start 


index cw | index ccw 





3 





pom) 1Oo—~ 
meet Hse 














abale 


i 


Fig. 16—Cireuit for pushbutton pulse-per-step 
operation of positioning motor. The operation 
sequence is as follows: 


1. Start (or “re-set”): push start button; this 
energizes coil R-] and then CR-1 through R-1 con- 
tacts. Relay CR-1 locks through its own contacts. 
When start button is released, R-1 opens, but CR-1 
remains locked. Line goes to motor leads 1 & 2. 


2. For cw stepping: push rnDEX cw button once. 
This energizes coil R-2 through CR-1 contacts and 
R-1 (NC) contacts. Relay CR-1 is unlocked and 
CR-2 is locked. Line goes to motor leads 2 & 3, 
giving a step. 


3. Another push of 1npEX cw button energizes 
coil R-3 through CR-2 contacts and R-2 (NC) con- 
tacts. Relay CR-2 is unlocked and CR-3 is locked. 
Line goes to motor leads 3 & 1, another step. 








Y©® O© 


4. A third push of rnpEx cw button energizes 
coil R-] through CR3 contacts and R-3 (NC) con- 
tacts. Relay CR-3 is unlocked and CR-1 is locked. 








fe) 
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Line goes to motor leads 1 & 2, a third step com- 
pleting the cycle in a cw direction. This may then 
be repeated indefinitely for further cw stepping. 











2S 
G 
S 














the new motor as a positioning device in which the rotor 
will position to one unique angle if a unique set of 
voltages is fed into the two phases. It operates in a man- 
ner very similar to the synchro torque units, and either 
two- or three-phase windings may be used to accom- 
plish the positioning. 

Both positive and negative a-c voltages (with respect 
to a reference point) can be supplied to the positioning 
motor by the use of transformers, so that unique angular 
positions from zero to 180 deg can be obtained. A system 
based on this principle is shown in Fig. 14. This provides 
remote positioning of a selector to any of 18 unique 
positions. The motor in this service is geared 2:1 to the 
output shaft, so that the motor rotor has a step of 10 
deg for the required output step angle of 20 deg. The 
motor will move to any signalled position within the 180 
deg arc and will position to this point directly, moving 
through the smallest angle to reach the required position. 

There are numerous applications that require a motor 
to operate at high speed and then at very low speed for 
final positioning. Figure 15 shows a typical circuit used 
to accomplish this service, in this case to position the 
ram on a guillotine shear. A dial indicates ram position 
and the operator manually controls the pushbuttons to 
bring the ram to the desired position. In this particular 
application, slow-speed final positioning is always in the 
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5. For ccw rotation from either the start posi- 
tion or at any other position, pushing the INDEX 
ccw button accomplishes the same sequence as 
above except that relay CR-4 is energized also, 
which interchanges motor lines 1 & 2 for reverse 
direction stepping. 


6. If power is disconnected, CR-1 (or whichever 
other relay is locked at the time) unlocks and the 
circuit is de-activated. To re-start, the start but- 
ton must be pushed. 


downward direction. Pushing either the F or R push- 
button energizes the motor on polyphase power for con- 
ventional motor operation for either upward or downward 
movement of the ram. 

Releasing the pushbutton brakes the rotor. The S push- 
button energizes the sequence switch, which switches the 
connections to lines 1-2, 2-3, 3-1 and so on, in sequence. 
to the step motor. Relay S supplies single-phase power 
through the sequence switch to the motor, causing the 
latter to operate stepping. In this particular application 
the motor operates at 1725 rpm on polyphase and at 50 
rpm from the sequence switch. The reverse operation 
sequence can also be used for those numerous purposes 
in which slow speed for feeding into a position followed 
by high-speed running in reverse (rapid traverse) is re- 
quired. Grinders utilize cycles of this description. 

For some purposes it is desired to provide a single 
step of angle in either the forward or the reverse direc- 
tion each time a circuit is pulsed. A pushbutton impulse 
circuit, employing conventional relays, that causes a step 
motor to make one step for each operation of the re- 
quired pushbutton is shown in Fig. 16. The use of ordi- 
nary control relays provides a simple method of obtain- 
ing step-per-pulse operation and of employing large step 
motors requiring currents in the order of 10 to 50 
amp. O00 
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Dielectric Properties of 


REINFORCED PLASTICS 


at Elevated Temperatures 


A discussion of basic resins, reinforce- 
ments and fabrication techniques and 
their effect on the behavior of reinforced 
plastics materials — especially laminates 
—under elevated temperature conditions, 


with emphasis on dielectric properties. 


IRVING KATZ, Senior Research Engineer 
Missile Development Division 

NortH AMERICAN AviATION, INc. 

Downey, California 


J. GOLDBERG, Heat Process Development Group 
Structural Plastics Division 

Arroset GENERAL CORPORATION 

Azusa, California 


THE MECHANICAL PROPERTIES of many plastics, particu- 
larly laminates, have been intensively evaluated at the 
elevated temperatures that are significant in applications 
such as high-performance aircraft and in missiles. (]-24)* 
The dielectric properties, however, have only quite re- 
cently been determined at temperatures up to 500 C 
(932 F). This report attempts to tabulate and evaluate 
the available published data on dielectric properties of 
heat-resistant plastics in this temperature region. 

For better understanding of these data. the effect of 
basic resin properties, types of reinforcement materials. 
and fabricating techniques will be discussed first. 


Materials 


A plastics laminate is a structure composed of layers 
of reinforcement bonded one upon the other, generally 
in one integral operation with a resin. 

Resins. At present only four classes of resins are suit- 
able for preparing elevated-temperature-resistant plastics. 
They are TAC (triallyl cyanurate) polyester, silicones 
and certain phenolic and epoxy resins. 


*Italic numerals in parentheses refer to subject-classified bibliography at end 
of article. 
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The heat-resistant epoxy resins are of two types. Each 
type uses the basic epoxy resin. However, one type is 
compounded with a heat-resistant phenolic resin and the 
other employs selected hardeners that impart heat resist- 
ance to the finished resin. Dielectric properties of the 
former type are quite limited. (13, 35) 

Reinforcement. Paper, cotton, linen, various synthetic 
fibers, glass, asbestos, and other materials have been 
used as reinforcements for laminates. Only glass and 
asbestos are sufficiently insensitive to temperature to be 
useful above 150 C (300 F). 

The glass fabric most generally used is Type 181, since 
it provides almost equal strength properties in two direc- 
tions in the plane of laminations. Other types are used 
for specialized purposes when Type 181 is not satisfac- 
tory; for example, Type 143 glass fabric is used for 
laminates requiring a preponderance of strength in one 
direction. Where strength is not critical and costs are 
primary, glass mats are sometimes used. 

A recent innovation has been the substitution of low- 
dielectric glass for the standard “E” fiber. (30) Im- 
provements in dielectric properties of finished laminates 
are achieved. but with impairment of mechanical prop- 
erties. 

Military specifications for laminates are summarized 
in Tables I, II, Il], IV, and V. 

The quantity of asbestos used in a specific reinforce- 
ment is defined in terms of the asbestos grade. (34) The 
higher the asbestos content, the more heat-resistant is the 
finished laminate. Grades A and AA reinforcement have 
been extensively used in industry for a long time and are 
adequately covered by MIL-P-8059 for finished laminates. 
Recently, Grade AAAA reinforcement (99-100 per cent 
asbestos) in the form of felts and mats has been made 
commercially available for plastics reinforcement. A pro- 
posed military specification (see Table VI) for low- 
pressure molded phenolic laminates using this grade as 
well as Grades A and AA has been prepared. The upper 
temperature limit of 700 F is required for the Grade 
AAAA reinforced laminate. Table VII lists the various 
grades of asbestos. 

Fabrication. A plastics laminate is prepared by apply- 
ing heat and pressure to stacked layers of catalyzed resin- 
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Table I—-—Minimum Flexural Strength (psi < 10°) Required of Glass-Reinforced 
Plastics Laminates to Conform to Military Specifica tions 





Glass fabric, 
type 


At room 
temperature" 


112 
116 
120 
128 
143 
162 
164 
181 
182 
183 
184 
Mat 


At elevated 
temperature’ 


112 
116 
120 
128 
143 
162 
164 
181 
182 
183 
184 
Mat 


Table Il——Minimum Flexural Modulus (psi 


Standard 





Mil-P-8013 
Polyester 


Wet 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


50 
45 
50 
45 
90 


0 
0 
0 


45 
40 
45 
39 
78 
30 
30 
45 
45 
40 
40 
22 


0 
0 
0 
0 
0 
0 
0 
0 
0 
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mediately 


Standard 


30 
48 
48 
43 
43 


Mil-P-25395 
TAC Polyester 


48 
43 
43 
43 
80 
30 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


22.0 


500 F 


16 hr 
exp. 


30 
26 
30 
26 
52 
19.3 
19.3 


30 
30 


26.7 
26 
12 


nmediately 
afte 


licated 


n 10 


Wet 


_— 


Nuun 


70 
63 
70 
63 
115 
49 
49 
70 
70 
63 
63 
35 


I 4 
ooooocoocooco 


. 


F 


160 
16 hr 


ll — 





after conditionin 
r immersion tor 
without lower 


and 50 psi (Cla 


Standard 


Mil-P-25421 


Epoxy 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


500 F 
14 hr 


exp. 


22 
20 
22 
20 
40 
15 
15 
22 
22 
20 
20 
11 


0 
0 


g four days 
h 


2 hr 
ing ter 


ss 1) 


Plastics Laminates to Conform to Military Specifications 
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160 


40 
36 
40 
36 
72 
28 
28 
40 
40 
36 
36 
19 





+ 4 per ce 
vled in water and tested we 


Standard 


14 hr 


exp. 


Mil-P-25§15 
Phenolic 


Wet 


50 
45 
50 
45. 
90 
35 
35 
50 
50 
45 
45 
24 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


45 
40 
45 
39 
78 
30 
30 
45 
45 
40 
40 
22 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


500 F 
1) hr 
exp.! 


F 


12 
11 
12 
11 
22 

8 

8 
12 
12 
11 
11 


wn 


20 
18 
20 
18 
31 
14 
14 
20 
20 
18 
18 


o 


coococooooooo 
counmnmamoonm 


So 


nt RH 


10°) Required of Glass-Reinforced 


500 F 
100 hr 
exp.' 


0 
0 
0 





Mil-P-25518 
Silicone 


Standard| Wet 


Proposed specifi- 
cation in process 
of revision 


500 F 
ly hr 
exp. 


500 F 
192 hr 
exp. 


Proposed specifi- 
cation in process 
of revision 





Glass fabric, 
type 


At room 
temperature 


112 
116 
120 
128 
143 
162 
164 
181 
182 
183 
184 
Mat 


At elevated 
temperature’ 


112 

116 

120 

128 

143 

162 

164 

181 

182 

183 

184 

Mat 
*Standard : 
et: Specimens 


Specimens 


eN.R. 
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no requirement 
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tested at room temperature 
tested at room temperature immediately after immersion for 
Specimens tested at temperatures after 


Standard 
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TAC Polyester 
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cation in process 
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Table I11-—Minimum Compressive Strength Properties (psi < 10 *) Required of Glass-Reinforced 
Plastics Laminates to Conform to Military Specifications 





Glass fabric, Mil-P-8013 Mil-P-25395 Mil-P-25421 Mil-P-25515 Mil-P-25518 
type Polyester TAC Polyester Epoxy Phenolic Silicone 


At room 
temperature* | Standard Wet Standard Wet Standard Standard Wet 


112 33.0 30 28.0 26 47 33 30.0 
116 30.0 27 26 24 43 : 30 27.0 
120 33.0 30 28 47 33 30.0 
128 23 30 18 33 3 23 21.0 
143 48 : 42 38 68 48 45.0 Proposed specifica 
162 16 15 13 23 16 15.0 tion in process of 
164 22 15 13 31 22 20.0 revision 

181 35 30 28 50 5 35 30.0 
182 32 30 28 46 32 29.0 
183 30 26 24 43 : 30 27.0 
184 26 2: 24 21 37 K 26 23.0 
Mat 20 18 16 30 : 20 18 0 


At 500 F 
(16 hr exp.)' 


112 
116 
120 
128 
143 
162 
164 
181 
182 
183 
184 


28 
28 
41 Proposed specifica- 
14 tion in process of 
19 revision 

27 


22 
17 
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per cent RH 


water and test 


Table IV——Minimum Tensile Strengths (psi « 10 *) Required of Glass-Reinforced 
Piastics Laminates to Conform to Military Specifications 





Glass fabric, Mil-P-8013 Mil-P-25395 Mil-P-25421 Mil-P-25515 Mil-P-25518 
type Polyester TAC Polyester Epoxy Phenolic Silicone 


At room 
temperature* | Standard Wet Standard Wet Standard Standard Wet Standard Wet 


112 40 
116 40 
120 40 
128 40 
143 80 
162 40 
164 33 
181 40. 
182 43 
183 43 
184 43 
Mat 20 


38.0 35 33 47 coe 40.0 38 .{ 
38.0 35 33 47 . 40.0 38 
38.0 35 33 47 : 40.0 38 
38.0 35 47 ~ 40 38 
75.0 70 66 90 - 80 73 Proposed specifica 
38.0 35 33 47 - 40 38 tion in process of 
0 29 26 39. 3 33 revision 
38.0 35 33 47 5 40 38 
40.0 35 50. 7 43 40 
40.0 35 50 43. 40 
40.0 35 33 50 7 43 
18.0 18 16 25 kK 20 18 


coococooocooosoo 


At 500 F 
(1% hr exp.)' 


18 20 
18 20 
18 20 
18 20 
35.5 42 
18. 20 
18 20 
18 20 
18 21 
18 21 
18 21 
8.5 12. 


112 
116 
120 
128 
143 
162 
164 
181 
182 
183 
184 
Mat 


30 
30 
30. 
30 
60 Proposed specifica- 
30 tion in process of 
25 revision 

30.0 
32.0 
32.0 
32.0 
15.0 
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DRA RD 





coocooocoocococoeoco 














*Standard: Specimens tested at room temperature immediately after conditioning four days at 73.4 + 2 F and 50 + 4 per cent RH. 

Wet: Specimens tested at room temperature immediately after immersion for 2 hr in boiling water. Specimens cooled in water and tested wet 
Specimens tested at temperature immediately after exposure time indicated without lowering temperature. 

eN.R. no requirement 
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Table V——Maximum Allowable Electrical Property Requirements of Glass-Reinforced 
Plastics Laminates Required to Conform to Military Specifications 





MIL-P-8013 
Polyester 


MIL-P-25395 
Property TAC Polyester 
Dielectric Constant 
1 megacycle‘ 
Standard* 
Wet! 


8500-10,000 megacycles' 
Standard" 
Wet! 


Loss tangent 

1 megacycle‘ 

Standard* 
Wet! 


8500-10,000 megacycles 
Standard* 020 


025 


rature mmediately conditioning 


immersion 


1 oon tem pe 
room temper 


after 
ature immediately after 24 hr 


1 1) 
ations (IIT) the requirer 


lications (classifie have no elec 


ents at 


impregnated fabric until the resin solidifies. whereupon 
the fabric plies are consolidated into one integral unit. 

The methods by which these resinous materials poly- 
merize into cured polymers are strikingly different. These 
differences to some extent restrict the type of fabrication 
and, in turn, the design of the part itself. 

With the phenolics, epoxy-phenolics and certain sili- 
cones, volatile by-products are given off during poly- 
merization. These by-products are removed with bleeders 
(36) in the vacuum bag molding process. Unfortunately. 
this process imparts one rough surface to the laminate. 
example. 
precision radomes), platen press operations are used. 


Where two smooth surfaces are necessary (fo1 


However, high costs as well as fabrication difficulties are 
encountered for thick parts since volatile by-products are 
not effectively removed. These may lead to blistering of 
the laminate during high-temperature exposure. 

The TAC polyesters and straight epoxies do not liber- 
ate volatile by-products during cure. Consequently, iwo 
smooth surfaces can be obtained by either vacuum bag 
(no bleeder) or platen press techniques. 

TAC polyesters are subject to surface cracking when 
exposed to elevated temperatures. It has been found that 
the application of a 0.010-in. thick asbestos ply overlay 
on TAC polyester-glass laminates substantially decreases 
cracking. (23) As will be shown subsequently, asbestos 
should not affect the dielectric properties of glass-rein- 
forced TAC polyesters at high frequencies. 


Properties 


Resin (at room temperature). The magnitude of the 
dielectric properties decreases in the following order 
(Fig. 1): TAC polyester (highest), straight epoxy, poly- 
ester, silicone, and polystyrene (for reference only). 
Phenolics, because of their high volatile content, cannot 
be cast into test specimens without incurring considerable 
voids. Nevertheless, based on laminate data (Fig. 2), it is 
believed their properties would be similar to that of 
the epoxies. With the exception of loss tangent at low 
frequencies (10° to 10° cps), the dielectric properties 
of the epoxies, TAC polyesters and (by conjecture) phe- 
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fo 
in water 
trical requirements; 


MIL-P-25518 
Silicone 


MIL-P-25421 
Epoxy 


MIL-P-25515 
Phenolic 


N.R. 
N.R. 


specifi- 
process 


Proposed 
cation in 
of revision 
0.045 
0.055 


0.020 


N 
0.025 N 


mF 
Lo 
+ 2 F and 50 


at room temperature, 
freque 


ir days at 73.4 


4 per cent RH. 


with surface moisture 


those for radio ney applications (II) 


8500-10,000 megacvyeles. 
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Fig. 2—Dielectric properties of glass-fabric-reinforced plastics 
laminates, 
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Fig. 3—Dielectric properties of asbestos-mat-reinforced plastics 


laminates. 











Fig. 4—Dielectric properties of fabric-reinforced 
laminates. 
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Fig. 5—Effect of temperature (deg C) on the dielectric 


erties of glass-reinforced phenolic laminates. 
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silicone 


prop- 


nolics are essentially the same. The magnitude of the 
dielectric properties of straight epoxies can be varied 
within small limits by the choice of hardener. 

The difference in dielectric constant between these 
resins decreases as the frequency increases: at 10!" cps 
there is a difference of about 0.5 unit. The loss tangent. 
on the other hand, shows variation over the frequency 
range but the maximum remains below 0.02. 

Laminates (at room temperature). Glass reinforcement 
(see Fig. 2) tends to increase the dielectric constant 
between 0.5 to 1 unit while the loss tangent tends to 
remain essentially the same over the entire frequency 
range. With asbestos (Fig. 3). however. the dielectric 
constant at low frequencies (10° to 10° eps) is drasti- 
cally increased. The loss is also significantly increased 
up to a frequency of 10° cps. Above these frequencies 
the values approach those of glass-reinforced laminates 
(Fig. 4). Platen-press molding techniques yield lami- 
nates with a dielectric constant about 0.5 unit higher 
than those fabricated by the vacuum bag technique. 


|400c | 
| 
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Dielectric constant 
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Fig. 6—Effect of temperature (deg C) on the dielectric prop- 
erties of glass-mat-reinforced TAC polyester laminates. 
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Fig. 7—Effect of temperature (deg C) on the dielectric prop- 
erties of asbestos-mat-reinforced phenolic laminates. 
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Yable Vi——Proposed Military Specification MIL-P-25570 Requirements for 
Asbestos-Reinforced Phenolic Laminates* 





Property 


Flexural strength— Ultimate, psi 10 
At room temperature 
Grade H or HH' 
Grade M or MM‘ 
Grade L or LL‘ 


Standard‘ 
40.0 
32.0 
25.0 


At 500 F'—-Grade H or HH 
'y hr exp. 
100 hr exp. 
192 hr exp. 


At 700 F'—-Grade H or HH' 


5 hr exp. 


Flexural modulus— Ultimate, psi 
At room temperature 
Grade H or HH‘ 
Grade M or MM‘ 
Grade L or LL' 


10°' 
Standard‘ 
3.0 
4.2 
2.0 


At 500 F'—Grade H or HH‘ 
14 hr exp. 
100 hr exp. 
192 hr exp. 


At 700 F'--Grade H or HH 
5 hr exp. 


Tensile strength Ultimate, psi 
At room temperature 
Grade H or HH‘ 
Grade M or MM 
Grade L or LL‘ 


10 
Standard® 
38.0 
28.0 
20.0 


Classes 2 and 3' 


Standard‘ 
50.0 
44.0 
38.0 


Wet* 
45.0 
40.0 
34.0 


Standard‘ 
5.0 


0 
0 


Standard‘ 
45.0 
36.0 
28.0 


At 500 F-—'» hr exp.--Grade H or HH 
Compressive strength 
At room temperature 
Grade H or HH* 
Grade M or MM‘ 
Grade L or LL‘ 


Ultimate, psi 10 


At 500 F-—!» hr exp..-Grade H or HH' 


‘Laminates conforming to room 
1 Tyy 
molded betwee 
conditions : spe 


temperature requirements 
Il, Heat Resistant 

n 10 and 200 psi 
cimens tested 
at immediately 
tion and physical properties 


classihed 1 


requirements are classifie 7 
Class 1 laminates 
Standard 


Wet conditions 
* Asbestos base 


are Class 


at room temperature 


between 


immediatcly after condi 


specimens tested room temperature 


material construc 


Standard 


ype I, Gene 
200 and 500 psi, 


after immersion for 


Standard‘ 
20.0 
19.0 
18.0 


18.0 
17.0 
16.0 


13.0 15.0 


ral Purpose; those conforming to beth room temperature and elevated temperature 


and Class 3 between 500 ard 1000 psi 
+ 2F and 50 + 
Sp 


tioning four days at 73.4 
hr in boili 


} per cent RH 


2 g water ecimens cooled in water and tested wet 





Grade Weight (Ib, 100 ft?) 


vase reinforcements are used for elevated temperature laminates 


The dielectric 
(2 


onstant varies with the resin content 
) For polyester and epoxy laminates 
145 per cent resin, the di- 
electric constant (K) is related to the resin content (R. 
per cent by weight) at 8.5 kmc/s by K = 5.45 —0.03 R. 
The loss tangent is not affected significantly by changes 
in resin content. 


c 
5 


of 


containing between 30 and 


laminates. 


There is no severe reduction in mechanical properties 
of laminates after outdoor weathering exposure for one 
year. (33) Approximately a 5 to 10 per cent reduction 
occurs. However, TAC polyesters show a reduction of 
approximately 20 per cent. Dielectric 
be considered to follow the same 
complete data are available. 


properties 
trends until 


can 
more 
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Binder content ‘ 


~ by weight 


ASTM grade Thickness, inches 
AAAA 0.010 
AAAA 0.20 

A 0.010 
0.20 
0.010 
0.20 


A 
Und. 
Und. 


Laminates (at elevated temperatures, short exposures 
less than 3 hr). At low frequencies glass-fabric-reinforced 
phenolic (Fig. 5) and glass-mat-reinforced TAC poly- 
ester laminates (Fig. 6) show drastic changes in the di- 
electric properties as temperatures rise. These changes 
tend to become quite small above 10° to 10° eps. The 
glass-reinforced silicone laminates show an identical tem- 
perature effect but to a lesser extent. It is interesting to 
note that at high frequency, temperature has little effect. 

The substitution of asbestos for glass serves to mag- 
nify the effect of temperature at low frequencies: how- 
ever, as with glass, the effect of temperature becomes 
small at about 10° to 10° eps. In fact, the differences in di- 
electric constant between glass and asbestos for a specific 


oe 
4é 





300 400 
Meon temperature, deg F 
Fig. 8—Variation of thermal conductivity with temperature of 
glass-reinforced plastics laminates. 


) 


b 


Ib/deg F 


polyester 


Btu 


| Polyester 





200 


Temperature ,deg F 


Fig. 9—Variation of specific heat with temperature of glass- 
reinforced plastic laminates. 


type of resin at high frequency is small. The differences 
in loss factor, unfortunately, are more pronounced. Fig- 
ure 7 is typical for phenolic laminates. Behavior is of 
the same order in silicone laminates. 

One striking phenomenon occurs when reinforced plas- 
tics are subjected to elevated temperatures. There is a 
marked shift in the magnitude of the dielectric prop- 
erties before and after the laminate is temperature-cycled. 
The difference is pronounced at low frequency (10° cps) 
but negligible at high frequency (10° cps). 

As shown in Figs. 8 and 9, plastics laminates are poor 
conductors of heat. (37, 32) A temperature gradient will 
exist in the laminate parallel to the direction of heat 
flow until equilibrium is attained. At low frequencies, 


Table Vil——Grades of Asbestos 





Grade Per cent asbestos 
75-80 
80-85 
85-90 

AA 90-95 
AAA 95-99 
AAAA 99-100 


Commercial 
Underwriters 





a considerable dielectric difference will exist throughout 
the laminate; the magnitude is dependent. of course, on 
the temperature distribution. At high frequencies. the 
dielectric variation will be small 


Conclusions 

At high frequencies, the effect of short-time exposures 
produces only small changes in the dielectric constant, 
more in the case of loss tangent. At low frequencies 
(10° to 10° cps), high-temperature exposure produces 
drastic changes in the dielectric properties. 

Glass- and asbestos-reinforced laminates exhibit simi- 
lar dielectric properties at high frequencies but at the 
frequencies asbestos-reinforced laminates show 
higher than 


lower 
dielectric properties significantly glass- 
reinforced laminates. 
Temperature cycling at low 
shift in the dielectric properties. 
the shift is almost negligible. 
Where a temperature differential exists in a laminate, 
the dielectric properties will vary significantly through- 


out the laminate at low frequencies. At high frequency 


frequencies causes a 
At high frequencies 


the variation will be small. 

Exposure to outdoor weathering up to a year decreases 
the mechanical properties of laminates between 5 and 10 
per cent, but in the case of TAC polyester the decrease 
will be as much as 20 per cent. The effect on dielectric 
properties is not established. 

Specific values for the dielectric properties are a 
function of (1) the. type of resin, reinforcement, cata- 
lyst. and ratio of reinforcement to resin as well as (2) 
temperature, frequency, moisture and weathering. Use of 


specific values contained in this report should be re- 
stricted to requirements that duplicate the conditions 
of test. ME I ee 
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Properties and applications of stainless steel as used in equipment 


design. Important applications include appliances, instruments, 


An 
Electrical 
Manufacturing 
Staff Report 


THE DESIRABILITY OF THE structural qualities inherent 
in stainless steel is emphasized in designs where high 
strength, corrosion resistance and high- and low-tempera- 
ture stability are major factors. Wider fields of applica- 
tion are indicated for the future, especially in electronic 
airborne and space components and equipment. 


Properties 

Types of Stainless Steels. 

a basic group of alloy steels whose common bond is that 
In this way the excellent 


Stainless steels are 


of a high chromium content. 
corrosion, scale and oxidation resistance is imparted to 
the alloy as a fundamental characteristic. 

The stainless steels presently comprise about 37 differ- 
ent types. Each is formulated to 
specifications as required by industry today. 


meet rigid design 

The various types have been recognized as standard hy 
the American Iron and Steel Institute as to composition. 
assigning a categorical number to each. These AISI 
numbers and their corresponding compositional analyses 
are presented in Table I. Thus, by use of AISI designa- 
tions, no error in analytic specifications for a particular 
design consideration can be made when a stainless steel is 
required. 

The stainless steels may be also divided into three 
groups corresponding to their crystal structure and chem- 
ical composition. These are the austenitic, ferritic and 
martensitic steels. (See Table I.) 

Austenitic Steels. The 
contain from 16 to 26 per cent chromium and 6 to 22 
per cent nickel. This nickel addition in these chromium 
steels retards the transformation of austenite to ferrite 
so that austenite is retained when the steels are cooled 
from elevated temperatures. These austenitic steels have 
than plain 


austenitic stainless steels 


greater strength at elevated temperatures 
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heavy and light machinery, computers and electronic products. 


chromium steels. The austenitic steels are used extensively 
because they are highly resistant to corrosion and easily 
fabricated by welding. 

These alloys (types 200 and 300) are nonmagnetic 
and possess maximum ductility, comparatively low yield 
strength, and high impact strength. Tensile strength in the 
annealed state is about 90,000 psi, as compared to less 
than 50.000 psi for mild steel. 

Austenitic stainless steels cannot be hardened by heat 
treatment. However, varying high tensile strengths and 
improved elastic properties can be produced by cold 
working. These steels gain a high strength-weight ratio 
when cold worked, thus permitting design specifications 
to call for thinner sections with comparable strength. 

Martensitic Steels. The main alloying element is 
still chromium, being 11.5 to 18 per cent. These steels 
may also contain from 0.15 to 1.10 per cent carbon. 
Because of their relatively low chromium content, they 
are mainly used for resistance to atmospheric corrosion 
and to mildly corrosive chemicals. 

Martensitic types are the only types of stainless steels 
that may be hardened by heat treatment. They are the 
most frequently used for fabricating mechanical com- 
ponents their inherent characteristics of 
hardenability and ductility. 

These alloys offer their best corrosion resistance and 
mechanical properties in the hardened state. Their tensile 
strengths range from 70,000 psi in the annealed state 
to 200,000 psi in the hardened condition. In addition, 
these alloys are magnetic in all conditions. 

Ferritic Steels. Ferritic types contain from 11.5 to 
27 per cent chromium. The low carbon-to-chromium ratio 
in this group eliminates the effects of thermal trans- 
formation and prevents hardening by heat treatment. 
Ferritic stainless steels are magnetic, have good ductility, 
provide good-to-excellent machinability, and are suitable 
for drawing, spinning and bending methods of fabrica- 


because of 


tion. 

These steels have good resistance to corrosion and 
oxidation because of their high chromium content. and 
do not work-harden to any significant extent. 

A decided advantage of ferritic stainless alloys is their 
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Table I—Composition and Structure of Selected Stainless Steels* 





Composition (approximate percentages) 


Car- Man- Sili- Phos- 
Chro- bon ganese con. phorus Sulfur 
General characteristics mium Nickel max. max. max. max. max. Other 


Structure} 


i 


0.15 | 5.5 1.00 0.060 0.030 N 0.25 max. 
7.5 


15 | 7.5/ 1.00 0.060 | 0.030 N 0.25 max. 
10.0 


-15 2.00 -00 0.045 0.030 


High work-hardening rate, low nickel equivalent 16. 
to Type 301. 18. 


> 


ib 


General purpose, low nickel equivalent to Type 17. 
302. 19. 


High work-hardening rate; used where high 16.00 
strength plus high ductility is required. 18.00 


General purpose austenitic stainless steel. 17.00 
19.00 


More scale resistance than Type 302. 17.00 
19.00 


Easier machining; modification of Type 302; for 17.00 
heavier cuts. 19.00 


15 .00 -00 0.045 0.030 


as 
on Of OO Of Ow 


-15 .00 -00/ 0.045 0.030 
.00 


.15 .00 -00 0.20 0.15 Mo 0.60 max. 
min. Zr 0.60 max. 
optional 


—_ 


_ 
oo 


Low carbon modification of Type 302; for restric- 18.00 , = j .00 0.030 
tion of carbide precipitation during welding. 20.00 


Low work-hardening rate; used for spinforming 17.00 : ‘ ‘ 00 -030 
and severe drawing operations. 19.00 


Higher alloy steel having higher corrosion and 19.00 ; ‘ : .00 .030 
heat resistance; major use for welding rod to 21.00 
compensate for alloy loss in welding. 


For high temperature strength and corrosion 22.00 : g . .00 
resistance. 24.00 


Higher elevated temperature strength and scale 24.00 . , ‘ 50 
resistance than Type 309. 26.00 


More scale resistance than Type 310. 23.00 : : ‘ .50 
26.00 R .00 


Higher corrosion resistance than Types 302 and 16.00 ; j .00 
304; high creep strength. 18.00 


Higher corrosion and creep resistance than Type 18.00 ‘ ‘ : .00 
316. 20.00 


Stabilized for weldments subject to severely 17.00 ‘ ‘ ; .00 
corrosive conditions and for service in 800 to 19.00 
1600 F range. 


Non hardenable 12% chromium stainless steel 11.50 é ‘ .00 
used for weldments, for which 12% chromium 14.50 
gives sufficient corrosion resistance. 


General-purpose heat-treatable stainless steel; 11.50 
machine parts, pump shafts, etc. 13.50 


414 Higher hardenability steel for springs and 11.50 
machine parts. 13.50 


416 Free machining modification of Type 410; for 12.00 . : . - Mo 0.60 max. 
heavier cuts. 14.00 Zr 0.60 max. 
optional 


416 Free machining modification of Type 410; for 12.00 ‘ : . ; : Se 0.15 min. 
Se __ lighter cuts and where hot working or cold head- 14.00 
ing may be involved. 


420 Higher carbon modification of Type 410; used 12.00 
for valve and other wear-resisting parts. 14.00 


430 General-purpose non-hardenable chromium 14.00 
stainless steel. 18.00 


430F Free machining modification of Type 430; for 14.00 ; é .00 ; Mo 0.60 max. 
heavier cuts. 18.00 Zr 0.60 max. 
optional 


431 Special purpose hardenable steel; used where 15.00 ‘ .00 .00 0.040 
particularly high mechanical properties are 17.00 J 
required. 


440A Hardenable to higher hardness than Type 420; 16.00 ‘ .00 .00 0.040 0.030 Mo0.75 max. M 
good corrosion resistance. 18.00 “ 


440C Yields highest hardnesses of ‘hardenable stain- | 16.00 R 1.00 1.00 0.040 0.030 Mo0.75 max. M 
less steels for balls, bearings and races. _ 18.00 é 


*Sovurce: Committee of Stainless Steel Producers, American Iron and Steel Institute. 
+A = austenitic, harderable by cold working. M martensitic, hardenable by heat treatment. F =: ferritic, not hardenable by either cold working or heat treatment. 
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relatively low coefficient of thermal expansion. It is less 
than that of austenitic steels and less than that of carbon 
steel. Ferritic steels do not tend to throw “scale” during 
intermittent heating and cooling, and are frequently 
selected for high-temperature applications where this 
quality is of value. 


Corrosion Resistance 


Stainless steels are corrosion resistant, relying prin- 


cipally on surface passivity for resistance to attack. Their 
use is governed to a great degree by the corrosive char- 
acteristics of the environment to which they are exposed. 

The resistance to corrosion of the stainless steels stems 
from the presence of a passive coating. a thin oxide or 
hydrate film on the metal’s surface. This film is insoluble. 
nonporous and self-healing. When re-exposed to an oxidiz- 
ing environment. such a film will repair itself after being 
broken. This passive condition has a greater influence on 
corrosion resistance of stainless than on the resistance of 
any other metal to such attack. 


Relation of Composition to Corrosion. “he pres- 
ence of chromium in stainless steels accounts for their 
excellent resistance to corrosion. However. until the 
chromium content reaches above 12 per cent. the addition 
of chromium is of no great value. As the chromium con- 
tent progressively increases so does its value of corrosion 
resistance to less oxidizing conditions increase. 

In the high chromium steels the presence of nickel 
decreases corrosive attack by nonoxidizing materials. 
It has some effect in increasing passivity of chromium 
steels. In strong oxidizing solutions. however. it has little 
effect on the passive condition of steels containing more 
than 22 per cent chromium. 

The resistance of stainless steels to direct oxidation 
at elevated temperatures is derived from additions of 
silicon. In commercial grades the use of aluminum is 
restricted to martensitic steels. It is used to prevent air- 
hardening. 

The hot workability of the stainless steels is improved 
by additions of manganese. This is accomplished without 
Manganese is used 
in the AISI type 200 steels to replace a high percentage 


reducing their corrosion resistance. 


of the nickel. These steels are as resistant to corrosion as 
the fully austenitic 8 per cent nickel steels. 

The presence of molybdenum in stainless steels im- 
proves their resistance to sulfuric, sulfurous and organic 
acids, to halogen salts and sea water. The passive film 
is thus strengthened until the concentration of molyb- 
denum exceeds 4 per cent. At this point the resistance 
of the steels decreases in strong oxidizing environments. 
Molybdenum greatly improves resistance of stainless 
steels to pitting. This type of corrosion tends to appear 
under foreign deposits that prevent oxygen from reaching 
the surface of the steel. 


Galvanic Corrosion. Stainless steels form galvanic 
couples when used in contact with another metal in the 
If such a solution produces 


an active condition, metals like copper and bronze ac- 


presence of an electrolyte. 


celerate corrosion in stainless steels. This is particularly 
true if the area of steel is small in comparison to that of 
the copper or bronze. However, when the steels have 
become passive, they are extremely stable in such con- 
tacts. Stainless steels in the passive condition will damage 
other metals such as carbon steel. cast iron and aluminum 
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alloys. This is especially evident when the area of the 
former is large in comparison with the other metal in 
the couple. 

As is well known, the influence of relative areas of 
anodic and cathodic surfaces has the most pronounced 
effect on the degree of damage produced by galvanic 
action. This is true since a small anode and a large 
cathode result in an increase in current density at the 
anode with a great consequent increase in the rate of 
corrosion. In the passive condition stainless steels are 
strongly cathodic. 

Surface Contamination. The surface conditions of 
stainless steels must be taken into account to insure 
corrosion-free material and satisfactory service life of 
the metal. Smooth surfaces. freedom from defects and 
from traces of scale and other foreign material reduce 
the probability of corrosion. Generally, the smoother the 
surface the greater will be resistance to corrosion. 

Surface contaminations may be caused by machining, 
shearing and drawing operations. Here, small particles 
of metals from the tools become embedded in the steel 
surface and. unless removed, may cause corrosion. 

Stress Corrosion. Some of the austenitic stainless 
steels having tensile strengths as high as 200,000 psi 
have been used extensively for lightweight structures 
with no failures from stress-corrosion cracking. although 
exposed to all types of atmospheric conditions. 


Corrosive Mediums. The stainless steels satisfacto- 
rily resist solutions of phosphoric and chromic acids, 
hydrogen sulfide and many organic acids. The degree 
of passivity is controlled by the factors of concentration. 
temperature and alloy content of the steel. In addition. 
these steels satisfactorily handle strong and weak alkaline 
solutions at normal or elevated temperatures. 

Most salt solutions do not ordinarily corrode stainless 
steel since they usually contain enough dissolved oxygen 
to maintain passivity. Under some conditions, these steels 
are subject to pitting. although the conditions can be 
corrected. External conditions such as adhering deposits, 
heat effects from welding, and surface imperfections are 
troublesome because they influence the corrosive attack. 
Continued exposure to sea water may cause stainless 
steels to pit. However. general corrosion of the steel is 
almost nonexistent. When oxygen is available for the 
metal surface. sea water is not a corrosion factor. 


Corrosion Resistance at High Temperatures. 
The chromium content of stainless steels is an influential 
factor in elevated temperature scale resistance to atmos- 
pheres of oxidation gas without sulfur. 

At temperatures of 2000 F, 25 per cent chromium con- 
tent will give stainless steels resistance to scaling. High- 
temperature corrosion-resistant steels are usually those 
with 25 to 30 per cent chromium and with nickel per- 
centages of 12 and 20. Steels that contain less chromium 
are also used at elevated temperatures. However. their 
range is limited below 1500 F. 


Fabrication 
Design concepts and materials choice usually are com- 
plementary. A designer chooses materials to meet definite 
specifications. At the same time. the fabricability of the 
material must be taken into consideration as a major 
factor of materials selection. 
In order to preserve their desirable qualities during 
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fabrication and thus retain them in the finished product, 
a good understanding of the physical characteristics 
(Table I1) of the stainless steels is necessary. 

Stainless steel is a material that lends itself to fabrica- 
tion by a wide variety of standard, economical processes. 
These steels are a specification where intricate detail, 
elaborate forming, deep draws, precise machining and 
corrosion resistance are major design requirements. 

In fabricating the stainless steels. both the engineering 
phase of selection and design and the shop phase of actual 
fabrication should point toward the goal of assuring the 
complete realization of their inherent properties in the 
finished part. This is in addition to the purely physical 
aspects of design and fabrication. 

Design Considerations. 
a corrosive nature, service life depends on how easily 


In many applications of 


Table I! — Properties of Selected Stainless Steels* 


stainless steel equipment can be kept clean. Ease of 
cleaning is one of the attributes of stainless steel, con- 
tributing to a long life for the part. 

Crevices, laps, sharp and 
similar conditions should be avoided. They may provide 


corners. deep scratches 
lodgements for unwanted materials. promote stagnant 
conditions and serve as collecting points for gas bubbles. 
Smooth. flush surfaces and designs in which all parts are 
accessible for cleaning make it easier to get and maintain 
the for maximum 


resistance. 


clean surfaces necessary corrosion 

In certain types of corrosive applications, the presence 
of high, localized stresses may accelerate corrosive attack. 
Such stress conditions, which may have their origin in 
design or in actual fabrication, can be corrected by an- 
nealing. by the use of heavier sections when cyclic stresses 





Physical properties, annealed 


Thermal 
elect. Specific conduct., 
Density, resist, heat Btu hr 
tb cu nw ohms Btu Ib sa ft 
in. cm cm deg F deg F 


Modulus of Specific 


elasticity 


Tension, Torsion, 
psi psi 


28.6 X 10° 


12.5 10° 


12.510" 


28 x 10° 


12.5 x 10° 


28 X10" 


12.5 10° 


32-212 


Mean coefficient of expansion 
per deg F 


32-600 32-1000 32-1200 32-1500 


9.66 x10 


10.810 


10.210 


10.010 


9.0x10° 


9.0x10" 10.310 ° 


9.5x10° 10.3x10° | 10.7x10° 


11.1x10- 


11.1x10- 


11.2x10- 


Mechanical properties at 


Tensile 
strength, 
psi 


Sheet 115,000 
Strip 115,000 


Sheet 105,000 
Strip 105,000 


Plate 105,000 
Sheet 110,000 
Strip 110,000 


Bar 85,000 

Plate 90,000 
Sheet 90,000 
Strip 90,000 


Bar 90 000 

Plate 90,000 
Sheet 95,000 
Strip 95,000 


Bar 90,000 


Bar 85,000 

Plate 85,000 
Sheet 85,000 
Strip 85,000 


Plate 85,000 
Sheet 85,000 
Strip 85,000 


Bar 85,000 

Plate 85,000 
Sheet 85,000 
Strip 85,000 


Bar 95,000 

Plate 95,000 
Sheet 90,000 
Strip 90,000 


Bar 95,000 

Plate 95,000 
Sheet 95,000 
Strip 95,000 


Bar 100,000 
Plate 100,000 
Sheet 100,000 


Bar 80,000 
Plate 85,000 


Bar 85,000 

Plate 85,000 
Sheet 90,000 
Strip 90,000 


Bar 85,000 

Plate 85,000 
Sheet 90,000 
Strip 90,000 


Yield 
strength, 
2! 


offset), 


psi 


Sheet 55,000 
Strip 55,000 


Sheet 55,000 
Strip 55,000 


Plate 40,000 
Sheet 40,000 
Strip 40,000 


Bar 35,000 

Plate 35,000 
Sheet 40,000 
Strip 40,000 


Bar 40,000 

Plate 40,000 
Sheet 40,000 
Strip 40,000 


Bar 35,006 


Bar 35,000 

Plate 30,000 
Sheet 35,000 
Strip 35,000 


Plate 35,000 ; 


Sheet 38,000 
Strip 38,000 


Bar 30,000 

Plate 30,000 
Sheet 35,000 
Strip 35,000 


Bar 40,000 

Plate 40,000 
Sheet 45,000 
Strip 45,000 


Bar 45,000 

Plate 45,000 
Sheet 45,000 
Strip 45,000 


Bar 50,000 
Plate 50,000 
Sheet 50,000 


Bar 30,000 
Plate 35,000 


Bar 40,000 

Plate 40,000 
Sheet 40,000 
Strip 40,000 


Bar 35,000 

Plate 30,000 
Sheet 35,000 
Strip 35,000 


| 
| 
| 
| 
| 





* Source: Committee of Stainless Stee! Producers, American Iron and Steel Institute. 
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are too severe for lighter thicknesses, or by avoiding 
concentrated stresses at localized areas. 

Cold Forming. This process implies the bringing 
about of a desired change of shape in a metal mass by 
the application of force without externally applied heat. 

Cold-forming operations are conducted on stainless 
steels by the same methods and the same types of equip- 
ment as are commonly used for carbon steel and other 
metals. Stainless steel is about as ductile as copper or 
brass but stronger than ordinary steel. Like the common 
nonferrous metals, the chromium-nickel stainless steels 
grow harder and stronger as they are bent and formed. 
As compared to carbon steel, stainless steels as a group 
require more power and heavier equipment for forming. 

Hot Forming. 
the fabrication of stainless steels in order to take ad- 


These operations are employed in 


vantage of their lowered resistance to shape change. 
High temperatures reduce their yield strengths, resulting 
in a marked lowering of the force necessary to bring 
about plastic movement or flow from one shape to 
another. High temperatures increase malleability under 
compressive stress and reduce strain-hardening under the 
tensile stresses incident to such operations as bending 
and spinning. 

Machining. The stainless steels are machinable by 
the various methods commonly used for mild steel. They 


differ considerably, however, in their cutting behaviors. 

Because most standard types of stainless steel tend to 
form tough, stringy chips when machined, free machin- 
ing grades have been developed. These grades have addi- 
tions of selenium or sulfur to a minimum of 0.15 per cent. 
Parts that require extensive turning, threading, milling 





room temperature, annealed Creep strength at elevated temperatures 


Load for 1°; elongation in 10,000 hr, psi 
Elongation, 


percent Rockwell 1000 1100 1200 1509 
in 2 in. hardness F F F F 


Sheet 55 
Strip 55 


Sheet B-90 
Strip B-90 


Sheet 55 
Strip 55 


Sheet B-90 
Strip B-90 


Plate 55 
Sheet 60 
Strip 60 


Sheet B-85 
Strip B-85 


Bar 60 

Plate 60 
Sheet 50 
Strip 50 


Plate B-80 
Sheet B-85 
Strip B-85 


Bar 50 Bar B-85 

Plate 50 Plate B-85 
Sheet 55 Sheet B-85 
Strip 55 Strip B-85 


Bar 50 16,500 11,500 


Bar 60 

Plate 60 
Sheet 50 
Strip 50 


Sheet B-80 
Strip B-80 


Plate 55 
Sheet 50 
Strip 50 Strip B-80 
Bar 55 Bar B-80 

Plate 55 
Sheet 50 
Strip 59 


Sheet B-80 
Strip B-80 


Bar 45 Bar B-83 
Plate 45 
Sheet 45 
Strip 45 


Sheet B-85 
Strip B-85 


Bar 50 Bar B-89 
Plate 50 
Sheet 45 
Strip 45 


Sheet B-85 
Strip B-85 


Bar 45 
Plate 45 


Sheet 40 Sheet B-85 


Suitable - 45°; of Bessemer 
screw stock 


Best of austenitic steels - 75‘ 
of Bessemer screw stock 


Slower speeds and low feeds 
required because of 
“gumminess” 


Sheet B-80 are 


Slower speeds and low feeds 
are necessary except for 


Fabrication characteristics, anneaied 


For Cutting see Footnote “A’’ on page 85; for Finishing see Footnote “B"’ on page 85 


Machining Formin Joining 
9 


Higher work-hardening char- 
acteristics make this grace 
less suitable for any but mod- 
erate forming by drawing, 
stamping, hydroforming and 
spinning. 


Normally spot welded 
maintain high strength. 


Suitable Suitable Suitable 


Same as Type 201 Same as Type 201 


Suitable Suitable 


Suitable. Higher silicon con- 
tent may necessitate special 
care to avoid cracking in 
fusion and resistance welding 


Suitable Suitable for forging, bending 


and roll forming. 


Forging susceptible to hot 
shortness. Additions to im- 
prove machining character- 
stics lessen formability. 


Fasten mechanically - fusion 
joining not recommended. 


Suitable for fusion welding, 
silver brazing and high temp 
soldering. 


Suitable Suitable 


Exceptionally good for deep 
drawing and spinning. Suit- 
able for other forming. 


Exceptionally good for riv- 
eting. Suitable for other 
joining. 


Suitable, but drawing is gen- 
erally done only when neces- 
sitated by ultimate use. 


Suitable 


Suitable. Forging requires 
higher pressures and die con- 
siderations. Drawing not ad- 
vised unless required by 
ultimate use. -- 


Same as Type 305 


Exceptionally good riveting. 
Suitable ‘otherwise except 
fusion and resistance weld- 
ing may necessitate special 
care to avoid cracking. 


reaming and broaching, which 
are less critical 


Bar 60 Bar B-78 
Plate 55 


Bar 50 

Plate 50 
Sheet 45 
Strip 45 


Bar 55 

Plate 55 
Sheet 50 
Strip 50 


Sheet B-85 
Strip B-85 


Sheet B-80 
Strip B-80 


Suitable. Forging requires Suitable 
higher pressures and spec- 
ial die considerations owing 
to elevated temperature 


strength. Suitable 


Same as Type 304, but free 
from chromium carbide pre- 
cipitation. 


Suitable 
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or drilling are generally made of the free-machining 
grades of stainless steel. 

The martensitic steels machine satisfactorily with prop- 
erly designed tools and lubricants. The free-cutting types 
contain selenium or sulfur and are therefore very free- 
machining. 


The ferritic stainless steels are similar in machining 


characteristics to the martensitic steels and are suitable 
for automatic screw machining also. 

The austenitic group of stainless steels is most diffi- 
cult to machine. Tools must be under constant feed at 
all times. If feed is released. allowing tools to ride the 
work, the surface work-hardens rapidly and it becomes 
extremely difficult to resume cutting. Additions of sulfur 
or selenium, however. do improve cutting characteristics 
of these tools. 

Joining. All stainless steels can be readily and effec- 
tively joined by one or more of the methods commonly 
used in the metalworking industries. Individual char- 
acteristics of the numerous grades determine relative 
suitabilities of the various methods. Selection of method 
must be based on the characteristics of the grade to be 
joined and upon the requirements to be satisfied by a 
finished joint. 

Joining methods range from those which subject metal 
to temperatures above their melting points down through 
those which are conducted without temperature increase. 

High Temperature Methods. These procedures 


include all welding processes and copper brazing. Prac- 
tically all stainless steels can be readily welded by the 
electric arc, oxy-acetylene, atomic hydrogen, helium arc 
and resistance welding methods. Martensitic high carbon 
types require special procedures. The chromium-nickel 
types weld with particular smoothness and have excellent 
ductility in the welded condition. 

Copper brazing is satisfactory in joining stainless steels 
when the presence of exposed copper is not objectionable. 
The bond is produced by the wetting and alloying action 
of molten copper as it flows over exposed surfaces and 
then solidifies on cooling. Though the method has been 
limited to the processing of relatively small parts in 
stainless steels up to the present. there appears to be no 
reason why larger work cannot be handled when demand 
for its use develops. 

Intermediate Temperature Methods. Hard and 
soft soldering constitute medium temperature methods of 
joining stainless steels. Ordinary. standard methods are 
used. However. fluxes must be stronger than those used 
for mild steel to cut through the resistive chromium-oxide 
film. Longer application of heat is also necessary since 
stainless steels conduct heat more slowly than carbon 
alloy steels. 

Hard soldering gives joints with good mechanical 
properties. This method includes good corrosion resist- 
ance. ample for a variety of service applications. Basic- 
ally the process amounts to that of brazing with silver- 


Table ll—Properties of Selected Stainless Steels (continued) 





Phys'cal properties, annealed 


Modulus of Specific Thermal 
elasticity elect. Specific conduct., 
Density, resist., heat Btu hr 
Tension, Torsion, Ibs cu u ohms Btu Ib 


sq ft 
psi psi in. em cm? deg F deg F 32-212 


29x10 0.28 60 0.11 6.010 


11.710 


5.810 


6.5x10-' 


5.610 


5.6 10- 


Mechanical properties at 


Yield 
Mean coefficient of expansion Tensile strength, 
per deg F strength, 0.2; 
psi offset), 
32-600 32-1000 32-1200 32-1500 psi 


Bar 70,000 Bar 40,000 
6.410 6.710 7.510 Plate 65,000 Plate 40,000 
Sheet 65,000 Sheet 40,000 


Bar 75,000 Bar 40,000 
Plate 70,000 Plate 35,000 
Sheet 65,000 Sheet 35,000 
Strip 65,000 Strip 35,000 
Bar 115,000 Bar 90,000 
Plate 115,000 Plate 90,000 


Sheet 120,000 Sheet 105,000 
Strip 120,000 Strip 105,000 


Bar 75,000 Bar 40,000 


Bar 95,000 


Bar 75,000 Bar 45,000 
6.6X<10-' 6.910 Plate 75,000 Plate 40,000 

Sheet 75,000 Sheet 45,000 

Strip 75,000 Strip 45,000 


6.6 x 10°" 6.910 Bar 80,000 Bar 55,000 


Bar 125,000 Bar 95,000 
Bar 105,000 Bar 60,000 
Bar 110,000 Bar 65,000 
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base alloys. This silver soldering procedure is readily 
adaptable to the production of joints of various designs. 
such as butt, lap, sleeve and fillet. Processing methods are 
similar to those regularly employed in soft soldering ex- 
cept for modifications called for by the higher tempera- 
tures involved. 

Soft soldering techniques mainly involve alloys of tin 
and lead. Materials are introduced into the joint zones. 
mainly as fillers, that do not have the same corrosion re- 
sistance as the stainless steels they join. In the presence 
of some liquids, galvanic action may lead to accelerated 
attack on one or the other. Therefore, in the absence of 
available information as to the corrosion resistance 
qualities of soft soldered joints, the safe procedure is to 
conduct preliminary tests representative of expected con- 
ditions of service. Oxidation resistance of a soft-soldered 
joint is fixed by that of the solder. All soft-solder com- 
positions melt at temperatures considerably below those 
at which all grades of stainless steels resist scaling. 

Room Temperature Methods. Riveting is a satis- 
factory method. within limits. for the production of 
joints. The operation is performed hot or cold in much 
the same manner as with carbon steel and other metals. 
Riveting affords a quick method of joining. As practiced 
cold, it avoids the hazards of applying intense heat, as 
in welding. Loss of corrosion resistance due to structural 
changes are eliminated and less warpage results. Cold 
riveting also facilitates the joining of materials of unlike 


composition and of different coefficients of expansion. 
both of which can be troublesome in joining by welding. 
Cold riveting also allows for joining of materials that 
have been hardened by special procedures. without im- 
pairing their physical properties. 

Surface Treating. 
stainless steels is one of the most important requirements 
to be satisfied in their fabrication. 

All fabricating operations having to do with the treat- 


Proper surface conditioning of 


ment of surfaces can be divided into two groups—those 
related to cleaning and those related to the production 
of finishes during the course of fabrication. 

Stainless steels exhibit maximum resistance to corro- 
sion only when thoroughly clean. It is only in that condi- 
tion that the microscopic film of oxide can be uniformly 
maintained. The presence of foreign materials can destroy 
that uniformity. For this reason, cleanliness is an im- 
portant factor in stainless steel fabrication. 

The second group of surface-treating operations are 
special specifications for individual needs. These include 
polishing, etching. coloring. painting and plating. Proce- 
dures to be followed are dependent on special properties 
each operation imparts. 

Powder Metallurgy. Powder metallurgy techniques 
have been applied to stainless steel to produce precisely 
shaped parts. lubricant-impregnated bearings and metal 
filters. When stainless is heated under pressure in a die 
to make a sintered part. the variables of the process can 





room temperature, annealed Creep strength at elevated temperatures 


Load for 1°; elongation in 10,000 hr, psi 
Elongation, 


percent 
in 2 in. 


Rockwell 1000 1100 1200 1500 
hardness F F F F 


Bar 30 

Plate 30 
Sheet 25 Sheet B-75 
Bar 35 Bar B-82 

Plate 30 
Sheet 25 
Strip 25 


Sheet B-80 
Strip B-80 


Bar 20 


Fabrication characteristics, annealed 
For Cutting see Footnote “A’’ below; for Finishing see Footnote “B” 


Machining Forming Joining 


Exceptionally good riveting 
and fusion welding. Suit- 
able for all other joining. 


Suitable 


Suitable Suitable Same as Type 403. 


Plate 20 
Sheet 15 
Strip 15 


Bar 30 

Plate 30 
Sheet 25 
Strip 25 


Bar 25 


Bar 20 
Bar 20 
Bar 14 


Sheet B-98 
Strip B-98 


Sheet B-80 
Strip B-80 


Best of hardenable stain- 
less steels-85°; of Bessemer 
screw stock. 


Machining requires more 
power, smaller cuts because 
of greater hardness. 


Suitable - 54°), of Bessemer 
screw stock. 


Best machining of all stain- 


less steels - 90°7. of Bessemer 
screw stock. 


Suitable 
More power, smaller cuts 


necessary because of greater 
hardness of annealed steel. 


Suitable. Drawing, stamping 
and spinning formability is 
restricted because of greater 
hardness of annealed steel. 


Forging susceptible to hot 
shortness. Additions to im- 
prove machining character- 
istics lessen formability in 
other forming. 


Additions to improve mach- 


ining characteristics lessen 
formability. 


Suitable for forging. Other 
formability restricted because 
of greater hardness of an- 
nealed steel. 


Exceptionally good spinning. 
Suitable for other forming. 


Same as Type 416. 


Same as Type 414. 


Spinning virtually impossible. 


Suitable. In fusion welding, 
pre-heating, post heating, 
or both are usually required 
to prevent cracking. 


Fasten mechanically — fus- 
ion joining not recommended. 


Suitable. In fusion® welding 
and resistance welding, pre- 
heating, post heating, or both 
are usually required to pre- 
vent cracking. Not generally 
riveted. 

Suggest that non-standard ti- 
tanium modification be used 
for welding. 


Same as Type 303. 
Same as Type 414, 


S ame as Type 420. 





(A). Heavier tools and more rigid equipment are desirable for any type of cutting operation. Use from 30 to 50°/, greater shear capacity. Austenitic types require especially close ad- 
justment of shear blades, and it is necessary to cut further through the thickness of metal, since pieces will not snap off when partially cut through as easily as with other metals. 
(B). Stainless steels other than free machining varieties are suitable to finishing to all degrees of brightness. Free machining varieties 303, 416, 416Se, 430F, and titanium stabilized 


Type 321 may show discontinuities in high po!ishes and finishes owing to additions made to enhance characteristics. 
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be controlled to yield the density or porosity desired. 
In this way, the resulting part may be precisely formed 
dimensionally, with whatever proportion of voids the 
design requires over a wide range. 


Applications 


Electronic Computers and Sorters. A major con- 
tribution to scientific computation are electronic card- 
programmed calculators which can calculate at the rate 
of over 2000 five-digit numbers a second. These machines 
are now being used by major aircraft manufacturing 
companies as well as by agencies active in atomic energy 
and guided missiles. In one component of the calculator, 
the armature pivot and the tape feed pin for the automatic 
carriage are made of stainless steel. 

Ideal physical characteristics and relatively low cost 
made stainless steel wire the choice material for stacker 
springs in a new 1000-card-a-minute sorting machine. 
These springs had to have zero initial tension, which 
meant that there would be no pressure between turns at 
the no-load condition. The springs also had to have a 
constant stacking rate. deflecting proportionately for each 
equal load addition. Using stainless steel spring material, 
the springs deflected exact. equal increments with each 
additional 0.1 lb load applied. 

Stainless steel is an important part of a high speed 
card filing and data retrieval system. The mechanism 
uses a magnet to pull out the cards, which have a toothed 
metallic strip laminated across the bottom of each card. 
The cards rest on a series of thin, strong selector bars. 
In designing the mechanism. it was found that some of 
the bars were deflected by the magnetic force. Substitu- 
tion of stainless steel solved the problem. The stainless 
steel bars were more than equal in strength and other 
critical properties to the rest of the bars, which were 
made of carbon steel. In this case the magnetic qualities 
of stainless steels were of prime importance in proper 
functioning of the equipment. 

Fasteners. The use of stainless steel fasteners is 
constantly growing. Electronics equipment is probably 
the largest single market for fasteners of this material. 

Screws. bolts. nuts and rivets for fastening stainless 
steel should be made of the same material. Even where 
a stainless part is joined to another material, the fastener 
should be stainless steel. 

When concealed fasteners are designed into a piece, 
ordinary steel fasteners raise the possibility of rust- 
streaking on the visible stainless steel. Fasteners of 
stainless steel preclude such a possibility. 

Stainless steel fasteners are made in all standard 
shapes and sizes. Screws may be cadmium or silver 
plated. This plating is not for protective purposes but 
principally for lubrication in severe thread tapping 
operations. 

Appliances. Refrigerators, washing machines and 
toasters are all assembled with stainless steel fasteners. 
Where strength, continued bright appearance and corro- 
sion resistance are required, stainless steel is superior to 
other materials, especially in design of home appliances. 

A new dryer and a washer are designed with stainless 
steel. The largest part fabricated of stainless steel in the 
dryer is a new type of drum. The dryer drum represents 
a weight saving over the material formerly used, being 
fabricated from a single piece of stainless steel sheet. 
Introduction of the new drum opens a new market for 
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stainless steel in the appliance field. with substantial 
increases in tonnage of materials used. 

Commercial vacuum cleaners now have many parts 
fabricated from stainless steel. This is of prime im- 
portance in corrosion resistance since these machines 
are often exposed to many harsh cleaning solutions. In 
addition, the problem of mechanical abrasion is cut to 
a minimum. 

Springs and Inserts. Thread inserts for soft metals 
and plastics are made of stainless steel. As an insert in 
a plastics molding or in a die casting of zinc or aluminum 
alloy, stainless steel can serve as a pivot, bearing, fast- 
ener, spring or nameplate. The stainless insert can be 
designed to surround a large part of the exterior of a 
casting or molding so that its working surface can be 
smooth and hard. 

The use of stainless steel wire in the manufacture of 
springs provides not only freedom from corrosion, but 
also the ability to operate accurately at temperatures not 
possible with common steel or bronze. These springs may 
operate at temperatures up to 600 F. 

Components. 
less steel in their design and manufacture. Stainless steel 
instrument type ball bearings are used throughout. The 
Such 
components include motors. motor generators, gear mo- 


Small servomechanisms utilize stain- 


motor housings are also made of stainless steel. 


tors and control transformers. 

Increasing use of electronic servomechanisms poses 
special problems for spring designers. One application 
required placing a spring close to an electron tube circuit. 
and it was essential that the spring be nonmagnetic to 
prevent interference with the circuit. Nickel and copper 
alloy spring materials qualified on the basis of nonmag- 
However, the elastic limit of these 
nonferrous alloys was too low to meet the physical 
requirements of the specific application. A stainless steel 
was selected to solve the problem because of its ability 


netic properties. 


to fulfill the necessary physical and nonmagnetic specifi- 


cations. OOO 
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Techniques of 
Cooling Electronic Equipment—ll 


The first article is this two-part series 
dealt with the theory of heat removal 
and the technique of temperature meas- 
urements.* The second article, presented 
here, will deal with various cooling meth- 
ods as applied to specific electronic parts 


and equipment. 


JAMES P. WELSH 

Electronics Section 

Safety Design Research Department 
Cornette AERONAUTICAL LABoratory, INC. 


Buffalo, New York 


THE MAJORITY OF electronic parts is designed for cooling 
in sea-level air by natural means. Radiation and free 
convection are normally the primary cooling modes: 
conduction is usually a secondary mode. Most heat con- 
duction occurs along the leads and/or wiring to the 
parts and occasionally through the structure, as in the 
case of a transformer. In general, the surfaces of the 
parts are such that their emissivity is relatively high 
and their free convective characteristics are favorable. 
Unfortunately, the ideal free ambient air environment 
for electronic parts is seldom achieved, especially in 
miniaturized equipment. 

Natural cooling methods can be improved to increase 
radiation, convection or conduction. An increase in any 
of these modes of cooling will reduce the temperature 
of any given part correspondingly. Adequate cooling 
can frequently be achieved by simple techniques such as 
an improvement in the emissivity of a part or its sur- 
roundings, provision for adequate convection, or a ther- 
mal bond between a part and the chassis. Simple cooling 
techniques may not suffice with certain heat-producing 


*Techniques of Cooling Electro ic Equipment,” J. P. Welsh, Evecrrican Manu- 


rurinc, November 1958, p 80 
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parts, such as small resistors with high heat concentra- 
tion, owing to their size. In such instances, more com- 
plex cooling methods utilizing a combination of several 
heat-transfer modes may be required. 


Heat Transfer in Electron Tubes 

The transfer of heat within an electron tube is a com- 
plicated process. A high-temperature-emitting surface is 
necessary to maintain electronic emission. Heater tem- 
peratures range from 1000 to 1300 C. Cathodes operate 
in the neighborhood of 750 C. To reduce heater power 
to a minimum, tube structures are designed so that the 
thermal resistance from the heater and cathode to the 
envelope and external leads is as great as possible. How- 
ever, tubes must also have short leads from the internal 
elements to provide low inductances and low resistances 
into their external circuits. These leads conduct heat 
from the cathode or filament and a compromise between 
these two incompatible requirements results. 

Most of the heat dissipated in an electron tube appears 
at the plate. Not only is the plate heated by its normally 
dissipated energy, but much of the heat originating at 
the filament, cathode, control grid and screen grid is 
transmitted into the plate by radiation. The remainder 
of the heat produced by tube elements other than the 
plate is radiated into the tube envelope and/or con- 
ducted into the tube pins along the tube element leads. 

Plate temperatures in electron tubes, other than trans- 
mitting types, range from 350 C to as high as 600 C. 
Most of the energy dissipated by a plate is transmitted 
internally by radiation and is transmitted through or 
absorbed by the glass envelope dependent upon the con- 
figurations and relative temperatures. Due to its trans- 
mission characteristics, electron tube glass usually begins 
to be a poor transmitter of infrared radiation at 2 to 5 
microns. Thus, radiation-wise, it is semi-absorbing. (See 
Fig. 9).* 

Figure 10: presents the relationship between the trans- 
mittance of glass and the energy distribution of several 
plate temperatures. Note that the energy in areas A and 
B is transmitted directly through the glass when a plate 
is at 500 C. Conversely, only the energy in atea B is 


*Figures 1 through 8 appear in Part I, November 1958 issue. 
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Fig. 9—Transmissivity vs wavelength for various glasses used 
for electron tube envelopes. All glasses are 1 millimeter thick. 
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Fig. 10—Relation of transmittance of glass and energy distribu- 


tion for several tube plate temperatures. 


transmitted through the glass when a plate is at 300 C. 
is transmitted through the 
glass and more energy is absorbed by the glass when 
the plate is at a lower temperature. This, of course. 
results in a higher bulb temperature. 

Because the operating spread of plate temperatures 
falls within the infrared absorption or transmission range 
of electron tube glasses, it is sometimes possible for a 


Consequently. less energy 


bulb to be at a normal temperature when the internal 
elements are overheating and, conversely, it is also pos- 
sible for the glass to be hotter than normal while the 
internal elements are at normal operating temperatures. 
It has been found that the plate temperature is the best 
index of the true thermal condition of a tube. Thus, a 
well-cooled tube may, under certain conditions, exhibit 
a higher glass temperature than a poorly-cooled tube. 
The glass temperatures should be as low as possible. but 
not at the expense of higher internal element tempera- 
tures. 

In general, plate and bulb temperatures of a glass- 
envelope electron tube at a constant power dissipation 
will increase or decrease in unison, but in varying de- 
grees, dependent upon the temperatures, emissivities, and 
transmittances of the surfaces the radiating plate “sees.” 
As the cooling is improved, the plate temperature will 
tend to level off, while the bulb temperature continues 
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to drop. However. the plate temperature plateau is seldom 
reached with tube shields, and then only when the unit 
heat dissipation and concentration are low. The plateau 
condition can be achieved, however. with adequate forced 
air and liquid cooling. 

The primary effect of excessive temperature on tube 
life is a slow deterioration of characteristics. The life 
is drastically reduced through decreased emission, evap- 
oration of getter and emitting materials. increased inter- 
electrode leakage. gas leakage. glass failure, insulation 
failures and grid loading. These temperature-sensitive 
effects accelerate rapidly with increasing temperature, 
and can only be alleviated through the proper electrical 
and thermal operation of tubes. 

It can be concluded that electron tubes must be cooled 
by removing the heat from the envelopes. Only a small 
portion of the heat can normally be removed through 
the pins or leads at the base. The cooling of a tube is 
the most important mechanical consideration in_ its 
mount and socket. 

In general. the hot-spot envelope temperature of 
receiving-type tubes should be less than 175 C. Several 
recommend maximum envelope 
100 C for opti- 


known that 


organizations currently 
temperatures in the neighborhood of 
mum life and reliability. It 
hot-spot bulb temperatures ranging from 200 to 250 
C will reduce tube life and cause accelerated deteriora- 


is definitely 


tion of transconductance. The above values are con- 
sidered to be only “bench marks” because glass tem- 
perature does not necessarily indicate the degree of 
overheating which may exist in a given instance. Fur- 
ther, electron-tube ratings are compromises. It is rec- 
ommended that the plate temperature be monitored in 
applications wherein the envelope temperature exceeds 
175 C or is in excess of the manufacturer’s rating. The 
reduction of element temperatures can improve tube 
reliability more than any other single factor. 

When tubes must be operated at high environmental 
temperatures or under conditions that will result in 
abnormal plate and envelope temperatures. derating is 
usually in order. Exact derating values remain to be 


determined. Since plate temperature, however. is an 
index of the thermal condition of a tube, it is recom- 
mended that tubes be derated on the basis of plate 


temperature. 


Cooling Unshielded Tubes 

The major mode of heat transfer from a bare electron 
tube in free air is radiation. A smaller portion of the 
heat is removed by convection and less than 5 per cent 
by conduction. If a tube is surrounded by lower tempera- 
ture surfaces which are at distances greater than | in. 
from the tube. increased natural convection will occur. 
Even so. the heat transferred to these surfaces by con- 
vection will be less than that transferred by radiation. 
If the surrounding surfaces are very close, say, less than 
14, in. away, and if the tube is enclosed in an airtight 
container, then free convection becomes ineffective and 
heat will be transferred by gaseous conduction, but still 
to a smaller degree than by radiation. 

Electron tubes larger than the subminiature types can 
be cooled satisfactorily without shields if (a) environ- 
mental temperature is relatively low, (b) adequate con- 
vection is provided, and (c) the tubes can “see” cooler 
surfaces (radiation). Convection cooling can be enhanced 
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by incorporating “chimney”’-effect devices to guide the air 
flow. Unshielded tubes should not be mounted in closely 
At best. unshielded tubes should only 
1.5 bulb 
mounted in 


spaced groups. 
be mounted in a single line spaced at least 
diameters on centers. If tubes must be 
groups, then each should be mounted within a blackened 
“chimney” which is thermally bonded to the chassis. 
Actually, this constitutes a crude form of tube shield. 

An acceptable tube shield should provide adequate 
cooling and electrical shielding. It should support the 
tube securely in its socket against vibration and impact 
in any plane, and it should protect the tube and _ its 
leads from mechanical injury. 

A thermally satisfactory shield must absorb the radia- 
tion from the tube envelope and plate. In addition, it 
should remove heat from the envelope by conduction. 
The shield should fit the tube envelope as tightly as pos- 
sible to reduce the air gap to a minimum. Perfect con- 
tact with the bulb glass is difficult to achieve. It is also 
necessary to increase the absorptivity of the inner sur- 
face of the shield so as to increase the heat transfer 
by radiation from the envelope. 

\ brightly polished surface is a poor radiation ab- 
sorber and should not be used. A dull, oxidized and 
blackened surface is preferred. If heat transfer by radi- 
ation to the surrounding objects is desired, then the 
same dull surface should be used on the outer surface of 
the shield. On the other hand, if temperature-sensitive 
parts and other tubes constitute the surrounding objects 
(in which case radiant heat transfer to these parts is 
not desired) then the shield’s outer surface should be 
highly polished. Thus. the surrounding objects influence 
the design of the shield. In general, it is not recom- 
mended that radiant energy be deliberately expended 
inside an electronic enclosure. The heat is radiated from 
the source and dispersed to other parts in an uncon- 
trolled fashion. 

The tube shield 
sorbed heat is removed, preferably by 
removing heat from the shield, the first and most im- 
portant consideration is to provide a minimum of ther- 
mal contact resistance between the tube shield, its base 


best will be useless unless its ab- 


conduction. In 


and the chassis or mounting surface. 

The mounting surface should be of metal. Nothing is 
gained by mounting tube shields on, for example, a 
plastics chassis, or on materials of low thermal conduc- 
tivity. Such materials act as thermal insulators: it is 
easily possible to overheat a well-shielded vacuum tube. 
even operated well within its dissipation ratings. 

Ideally. for maximum heat transfer. the tube shield 
should be soldered, brazed or bonded to the metal sur- 
face to obtain a near-perfect contact. Riveting or bolting 
a shield to a metal surface leaves a thin air gap which 
constitutes a high thermal resistance—probably as much 
as the resistance of the shield itself. For effective heat 
removal, this gap must be minimized and _ preferably 
eliminated. A poor surface contact may cause a shielded 
tube to operate hotter than a bare tube, even though other 
thermal considerations are incorporated in the design. 
It is not advisable to use a tube shield which is not 
thermally bonded to a cooler metal surface. 

The standard JAN miniature tube shield (A in Fig. 
11) is not satisfactory from the heat-transfer standpoint, 
especially at high heat concentrations. Such a shield is 
usually a heat barrier. The blanket of air enclosed be- 
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Table V——Thermal Rating of T-5'2 Shields 








Net thermal resistance in deg C/watt 


2in. bulb | 1% in. bulb | 1 in. bulb Shield 
Thermal | at at at type-letter 
rating 10 watts | Qwatts | 9watts (designation 
| —— - | = - 
1 8.7 9.2 14.6 N 
2 9.2 9.8 15.0 K 
3 10.1 10.0 15.8 Bi-L? 
4 14.0 -— C-L? 
5 14.1 14.5 18.8 G-E-M 
6 17.2 F 
7 18.4 J 
8 19.5 18.0 23.0 A-D-H 





'Same plate temperature as tube in free air. 
2With special base fabricated by U.S. Navy Electronics Laboratory. 
‘When a standard JAN base is used, the thermal rating of shield L is 4. 


tween the shield and the tube envelope is too thin for 
free convection currents to form. Heat transfer from the 
tube to the shield is possible only by gaseous conduction 
and radiation. Due to the low emissivity (high reflectiv- 
ity) of the brightly finished internal surface, a large 
portion of the radiation is reflected back to the tube 
rather than being absorbed. The contact resistance be- 
tween the shield and its base is high and heat transfer 
to the chassis is impeded. 

The miniature tube shield data discussed here have 
been determined by the “Thermatron” evaluation” of tube 
shields: The order of thermal merit of the various mini- 
ature tube shields is given in Table V.’ The lower ther- 
mal rating numbers indicate the better shields. All shields 
were internally blackened to provide improved cooling. 
The net thermal resistance has been defined as the ther- 
mal resistance measured from the inside of the bulb 
through the shield to the chassis by all modes of heat 
transfer. 

In addition to Fig. 11. shields are also identified in 
Figs. 12 and 13. Shields of type N-K-B-L are superior 
to the other shields. since they have the lower thermal 
resistances and conduct the rejected heat into the chassis 
to the greatest degree. Shield E is actually a tube holder 
and conducts less heat to the chassis than the other 
shields. Shield G with the LZ or M insert has a thermal 
resistance of 10.2 C/watt. However. any of the shields 
can be used with thermal derating based upon the net 
thermal resistance. 

The majority of subminiature tubes is used in radio 
frequency and voltage amplifier applications where about 
2 to 3 watts per tube are dissipated. At this power level 
a single unshielded tube operating in free air at 25 C can 
attain an envelope temperature of 130 C at thermal equili- 
brium. Approximately 40 per cent of the heat is removed 
by radiation while the greatest part of the remaining 
60 per cent of the heat is removed by free convection. 
When this same tube is placed in an assembly with other 
similar tubes. mutual heating by radiation and convec- 
tion is increased, and the tube envelope temperature can 
rise to 225 C at equilibrium. It is possible to alleviate 
this condition by using tube shields designed to remove 
heat from the tube envelope and transfer it into th 
chassis by metallic conduction. 

There are four general types of subminiature tube 
shields: the wrap-around shield, the fuse clip type shield. 
the machined metal shield and the solid metal block 

*The thermal analog of a tube which is instrumerted to permit measurement of 


anode and internal bulb temperatures. 
+Tables I through IV appear in Part I, November 1958 issue. 
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Fig. 11 (above)—Miniature tube 
shields B, E, F, A and D. Fig. 12 
(left)—Miniature tube shields G. 
C, J and H. Fig. 13 (below) 
Miniature tube shields Kk, L. N 
and M. 














Fig. 14—Subminiature shields. 





type shield. The selection of a given shield depends 
upon the particular requirements of the electronic as- 
sembly involved. 

Subminiature tube shield data in Table VI have been 
determined by a careful evaluation of the thermal prop- 
erties of tube shields. Since all shields were improved 
by internal blackening, these ratings are for blackened 
shields. The lower thermal rating numbers indicate the 
better shields. Fig. 14 identifies the shields. 


Semiconductor Devices 

The application of semiconductor elements instead of 
vacuum tubes decreases heat generated in comparable 
equipments. The electrical efficiency of these devices is 
usually considerably higher than that of tubes, and con- 
sequently the cooling problem may be eased. However. 
the circuit application, the power level. and the proximity 
of other heat-producing parts can lead to excessive tem- 
eratures and subsequent impaired reliability. 


Semiconductor devices are inherently temperature- 


their electronic 


influenced by 


sensitive: performance, therefore, is 
Further. the 


limited com- 


greatly their temperature. 


operating temperature ranges are usually 


pared to those of electron tubes. Thus, extreme care must 
be utilized in the thermal design of electronic equipment 
which incorporates semiconductor devices. 

As in tubes, the largest temperature difference occurs 
within semiconductor devices when they are properly 
cooled: that is, when the external thermal resistance is 
low. Unfortunately, the thermal conductivity of semi- 
conducting materials is generally low and significant tem- 
perature gradients can be produced within them. The 
primary problem in the design of power transistors is 
that of lowering the internal thermal resistance. Signifi- 
cantly greater powers could be handled if the heat could 
be more readily removed. Unfortunately, the size of the 
functioning elements must be minimized in order to 
permit operation even at relatively low frequencies, and 
the thermal conductivities of the semiconducting mate- 
rials are such that relatively large temperature differences 
can be produced. 


Transistors 

There are two basic approaches applicable to cooling 
transistors: 

1. Provide an essentially constant-temperature environ- 


Table Vi-—Thermal Characteristics of T-3 Subminiature Tube Shields 





Description 


Temperatures, deg C 
(Input to tube — 7.5 watts) 


Net thermal 
resistance 
at 7.0 watts 

in deg C/watt' Amb. 


Identi- 
fication 
No.? Shield 


Tube 
Thermal 


Finish Chassis Base Plate merit 


1 ¥%, in. long spring clip type, 
silver 


Natural 
Blackened 


15% in. long (2 piece) wrap- 
around soft silver with spring 
clip 


Natural 
Blackened 


¥, in. long sleeve-type, silver Natural 


Blackened 
¥, in. long wrap-around, bronze Natural 
Blackened 


¥% in. long slotted cylinder, ver- 
tical screw base aluminum 
without insert 


Natural 
Blackened 


1% in. long, 2-piece aluminum 
wrap-around and bronze fuse 
clip holder 


Natural 
Blackened 


134. in. long, 2-piece silver wrap- 
around and steel fuse clip type 
holder — full length 


Natural 
Blackened 


Drilled aluminum block with 
silver wrap insert 


Natural 
Blackened 


Shield and socket assembly 
similar to JAN-minimum 
standard 


Natural 


Thermatron in free air, no 


shield 


Vertical 


Natural 
Blackened 


11 Spring clip, slotted and silver 
plated—1 in. long 

12 Open spring clip, slotted and 
silver plated, 1 in. long 


Natural 
Blackened 
Natural 
Blackened 


13 ¥%, in. long spring slip with 
sponge copper 


16.7 30 36 163 503 (2) 
30 33 158 495 


14.0 30 34 140 504 (1) 
30 33 143 492 
30 36 147 492 
30 35 173 492 


30 34 171 493 
30 35 171 491 


30 36 183 503 
30 37 181 495 


30 35 183 514 
30 36 179 500 


31 34 171 497 
31 35 168 494 


31 37 176 504 
31 36 162 492 
30 70 155 540 
Excessive temperatu re 
195 
180 
169 


181 
175 





Includes contact resistance when soldered to chassis. *See Fig. 14. 
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ment and remove the heat from each transistor so that 
electrical instability can not occur. Transistors appear to 
have an optimum internal operating temperature of 
approximately 25 C. If operation is maintained at this 
temperature, stabilization circuitry will not be required 
and optimum performance per transistor can be achieved. 
Unfortunately. a controlled constant-temperature environ- 
ment is usually achieved only with special refrigeration 
and heating equipment. Nonetheless. in certain equip- 
computers, for example, where large numbers of 
it is desirable in the interests 


ment 
transistors are employed 
of reliability to provide transistors with an ideal en- 
vironment. 

2. Cool the transistors so that their peak internal tem- 
peratures do not exceed approximately 80 to LOO C and 
provide circuit stabilization to avoid “runaway.” At ele- 
vated environmental temperatures it will be necessary to 
keep the collector dissipation low by whatever derating 
is required. This will reduce the internal temperature 
rise. 

Since the internal resistance of most transistors is 
relatively high and the maximum temperature of the 
elements is relatively low. the external thermal resistance 
to the heat sink must be small. This factor is especially 
applicable if the environmental temperature is high o1 
if the transistor is dissipating appreciable power. 

Unfortunately. most power transistors must be electri- 
cally insulated from the cooling conductor. which is 
usually grounded electrically. This insulation can repre- 
sent a significant thermal resistance external to the trans- 
istor. Mica insulators 0.002 in. thick and 0.5 in. in diam 
have been used for this purpose. Even so. the thermal 
resistance of the mica is of the order of 1 deg C 

Typical thermal conditions achieved in convection 


watt. 
cooling of a power transistor are as follows: with a 3 
thick dull copper plate as a cooling fin 
in free air, 14 C rise was achieved at 2.9 watts dis- 
sipation. With a blackened 94 x 21% x 14,4 in. thick 
copper plate in free air, 42 C rise was exhibited at the 


xD x Ue: tm 


same dissipation. Conversely. the transistor alone in 
26 C free air had a 43 C rise at only 1.5 watts dis- 
sipation. 

Conduction cooling was also evaluated. When insulat- 
ed by a 0.002 in. thick mica washer and a '4. in. thick 
phenolic insert and attached to a sink at 26 C. a 14 C 
rise was obtained at 2.9 watts dissipation. This condition 
is similar to the free air condition with the 3 x 5 x 14 
in. cooling fin. The insulators were removed and _ th 
transistor was firmly attached to the 26 C sink. At 
watts dissipation. 12 C rise was exhibited and at 8. 
watts the same 14 C rise was achieved. The joints were 
in the “as finished” condition. The effect of joint dis- 
continuities was displayed when the joints were thor- 
oughly cleaned. The 14 C rise occurred at 12 watts 
dissipation. Temperature rises of 11 and 13 C were 
obtained at 8.9 and 10 watts dissipation, respectively. 
This configuration gave a thermal resistance of approxi- 
mately 1 deg C/watt to the hottest spot on the transistor 
case. It is obvious that metallic conduction cooling is 
the only natural cooling method which should be used 
with power transistors. 


e 
5. 


‘ 


Diodes 


Power diodes dissipate appreciable heat; care must 
be exercised to make sure that the external thermal re- 
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sistance is low. Finned units for convection cooling 
should always be mounted in free air and isolated from 
other heat-producing parts. 

Germanium junction diodes are probably the most 
temperature-sensitive of this class. Both the forward and 
reverse dissipations should be determined. The forward 
current power losses are dissipated through the germa- 
nium and the reverse current losses are dissipated at the 
junction. These devices are furnished with or without 
cooling fins and may be formed into stacks if desired. 
In general. finned germanium junction diodes should be 
derated 300 per cent at 55 C environmental temperature. 
High-temperature units can be operated to 85 C maxi- 
Diodes without fins 
should be conduction-cooled in the same fashion as power 
transistors. Silicon junction diodes differ thermally from 
germanium diodes only in that the permissible operating 


mum environmental temperature. 


surface temperatures may be as great as 150 C. 

Most selenium rectifiers are designed for convection 
cooling. In critical applications the reverse and forward 
power dissipation should be considered. Allow +3 per 
cent variation from stack to stack in determining the 
forward voltage drop. Note also that these units age with 
time and the forward resistance increases gradually. If 
the design of equipment having a shelf or operating life 
of over three years is contemplated. provide cooling for 
a 100 per cent increase in forward dissipation. Special 
units have been recently developed which are derated for 
service at environmental temperatures up to 125 C maxi- 
mum. Most selenium rectifiers are rated for 100 per cent 
duty at only 35 C ambient temperature. They should be 
derated and cooled so that the maximum cell surface 
temperature does not exceed 75 C. It should be noted 
that the normal protective coating on selenium rectifiers 
is not intended for military application. Special coatings 


are needed. 


Resistors 

Most resistors for electronic circuitry have been de- 
signed for natural cooling in free air. Resistors differ 
from electron tubes in that almost any power can be dis- 
sipated in a given resistor provided adequate cooling 
is present. Thus, with increased cooling. resistors can be 
operated successfully at increased ratings. The dissipation 
rating of a given resistor will therefore vary. dependent 
upon its thermal environment. 

There is not much an equipment designer can do to 
increase the cooling of resistors by radiation and _ nat- 
ural convection other than to lower the environmental 
temperature. The conduction cooling of resistors can, 
however. be greatly increased. With small resistors. as 
noted above. considerable conduction cooling can take 
place through the leads. 

Currently available resistors can best be cooled by 
metallic conduction from the resistor body to a metallic 
chassis or sink. Fuse-clip type mounts are excellent. Also. 
clamping to a metal chassis has been found to be very 
effective. The width of the clamp is not as important 
as the fact that, by clamping, the resistor body is in 
intimate contact with the chassis. 

Typical conduction-cooled resistors were studied. Fig- 
ure 15 shows the measured thermal performance for a 
conventional l-watt resistor rated at 3 watts dissipation 
with conduction cooling. Note that the slope of the curves 
approaches straight-line linearity. indicating that con- 
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Fig. 15—Thermal performance of conduction-cooled resistor, 


type GM, rated 3 watts. 


duction predominates over the other non-linear modes 
of cooling. 

Large wirewound resistors dissipate considerable heat 
and must be carefully mounted not only to provide ade- 
quate cooling, but also to minimize heating of other parts 
by radiation. Power resistors usually operate at high 
temperatures. Much of their heat is rejected by this 
mode. Vertical mounting is recommended when more 
than a single resistor is involved. Individual power re- 
sistors over 4 in. long should be mounted horizontally. 
if possible. The average temperature of a long. hori- 
zontal resistor is only slightly higher than that obtained 
with vertical mounting. However. the hot-spot tempera- 
ture will be much lower and the temperature distribution 
will be more uniform with horizontal mounting. Resistors 
of significant length will have a temperature “build up” 
due to convection, if vertically mounted. It is necessary 
that radiation shields. preferably of polished metal. be 
placed between power resistors and temperature-sensitive 
parts if the parts are less than a few inches away from 
the resistors. 


Iron Core Inductors 


Iron core transformers can introduce significant heat 
into electronic equipment dependent upon their efficiency. 
Unfortunately. small transformers usually operate at 
lower efficiencies than larger transformers and. conse- 
quently, transformers in miniaturized equipment are fre- 
quently important heat sources. The heating of trans- 
formers is usually due to core losses and I°R’ losses in 
the windings. Chokes and inductors generally have only 
1°R’. Well-designed and operated inductors are normally 
very reliable. Most failures are due to the breakdown 
of the insulation. 

From the outside surface, heat transfer to the environ- 
ment can take place by all three modes—radiation. con- 
vection and conduction through the mountings. Heat 
transfer by conduction inside a reactor is sometimes 
small. However, conduction is the recommended mode. 
It may be accomplished by securely bonding the core 
surfaces to a chassis designed to remove the rejected 
heat. If the transformer is uncased, the mounting feet 
and core surfaces must be smoothly machined and fitted 
to the chassis to form a good thermal bond. With en- 
closed transformers, the case may be thermally bonded 
to the chassis so that at least the case will be cooled by 
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conduction. Should the transformer be oil-filled, con- 
siderable heat may be transferred from the core into 
the case for conduction to the chassis. In the event that 
the core cannot be thermally bonded. the mounting lugs 
should. at least. be bonded to the chassis. Where sig- 
nificant conduction cooling cannot be obtained, the total 
heat flow will divide between conduction and radiation, 
with resultant increased operating temperatures. 

The most important temperature in a transformer is 
the coil hot-spot temperature. The largest temperature 
rise is usually between the coil, hot spot and the core. 
If the maximum allowable coil hot-spot temperature is 
exceeded, the coil insulation is in danger of breakdown. 
with subsequent failure of the transformer and possible 
damage to the connected equipment. Therefore, the actual 
hot-spot temperature must be predicted with the best 
possible accuracy. 

The heat removed by convection and radiation from 
iron core inductors can be predicted by utilizing the 
nomographs presented in Part I of this article (Figures 
6 and 7. November 1958 issue, p 86). The characteristic 
dimension L used in both the Grasheff and Nusselt num- 
bers must be considered. A transformer, for example, 
may not have a simple surface configuration unless it is 
encased in a cylindrical or rectangular container. For- 
tunately, most transformers are not long in any one 
dimension and as an approximation may be considered 
to be a sphere of equivalent surface area. Radiationwise. 
the emissivities of the surfaces of insulating materials 
range from 0.8 to 0.9. In general, most paints, enamels 
and varnishes range from 0.88 to 0.93 surface emissivity 
between 50 and 200 C. 


Forced Convection 

Forced-air cooling of a heated surface is a more effec- 
tive method of heat removal than free convection. An 
increase in the air velocity past a heated surface results 
in a decreased resistance to heat transfer across the air 
film (boundary layer). The result is an increased heat 
transfer, especially if the air flow is turbulent. The basic 
equation for forced-air cooling is deceptively simple. 
The temperature differences must be carefully defined 
because the temperature varies from point to point both 
on the surface of each heat source and throughout the 
adjacent air. Complete design information has not been 
developed for forced-air cooling of all combinations of 
electronic heat sources. However. empirical data _perti- 
nent to the more commonly used heat sources together 
with basic heat-transfer theory and data on idealized 
shapes have been found applicable with some modifica- 
tions. 

The problem of forced-air cooling of electronic equip- 
ment is further complicated by the non-uniform distribu- 
tion of the internally generated heat in certain parts such 
as tubes. This results in hot spots. making the point tem- 
perature variation even greater than mentioned above. 
Further, the relatively small size of most heat-producing 
electronic parts leads to “end effects” that tend to raise 
heat-transfer coefficients. 

Forced-air cooling design requires careful considera- 
tion of the pertinent factors. At relatively small flow 
rates, thermal resistances of the order of half those ob- 
tained with free convection and radiation can be pro- 
vided. In general, thermal resistances of the order of 10 
C/watt/sq in. can be achieved with a reasonable mass 
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flow. With ideal heat sources operating at their optimum 
allowable temperatures, it is theoretically possible to 
achieve heat concentrations as great as 10 kw/cu ft with 
forced air cooling. For practical reasons, it is difficult to 
cool special military electronic equipments properly with 
heat concentrations greater than 4 kw/cu ft. In general. 
the heat concentration in most applications will usually 
be less than 2 kw/cu ft. 

The design of forced-air cooling systems should be 
based mainly upon the attainment of safe operating tem- 
peratures at the heat sources and minimal power require- 
ments for moving the air. Also of importance are the 
volume and weight of the cooling systems. The following 
factors should be determined in the design of a forced- 
air cooling system: 

1. Incoming air temperature and pressure. 

2. Part configuration and arrangements based upon 
electronic and space requirements as well as cooling 
power considerations. 

3. The maximum reliable temperature of each part 
and the allowable temperature risk. 

1. The required Reynolds Numbers. 

5. The mass flow rates based on the physical dimen- 
sions of the system and the Reynolds Number. 

6. The overall pressure losses and blower perform- 
ance requirements. 

A number of pertinent design equations and simplified 
design procedures developed for forced-air cooling are 
presented in Cornell Aeronautical Laboratory Report No. 
HF-845-D-19, “Design Manual of Methods of Forced- 
Air Cooling.” (NAVSHIPS 900.194). However. their 
partial presentation in this article would be confusing and 
would be too 


their necessary complete presentation 


lengthy. 
Liquid and Vaporization Cooling 


Liquid and vaporization cooling will provide lower 
thermal resistances than any of the previously described 
cooling techniques. These two cooling modes are treated 
simultaneously in this discussion because the electronic 
design approaches are similar. Liquids are involved in 
each mode. The primary difference is that a change of 
state together with the added heat of vaporization must 
also be considered with vaporization cooling. Actually, 
the heat-transfer coefficients obtainable with vaporization 
cooling are at least double those achieved with liquid 
cooling. Moreover, if the pressure is controlled, vapori- 
zation cooling provides a constant operating temperature. 

Direct or indirect systems may be used. In the direct 
system the coolant is in direct contact with the heat- 
producing parts, but in an indirect system the coolant 
is not in contact with the parts. In an indirect system 
the heat is transferred from the parts by natural means 
or forced convection to a heat exchanger containing 
the coolant. The five subdivisions of liquid and vapori- 
zation systems, listed in their order of complexity, are: 

1. Direct liquid immersion. 

2. Direct liquid immersion with forced circulation. 

3. Indirect liquid cooling. 

4. Direct spray cooling. 

5. Composite indirect systems. 


Direct Liquid Coolants 

There are a number of volatile liquids which generally 
can be classed as coolants. For liquid cooling, only those 
liquids which are highly stable at the selected tempera- 
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tures should be considered. When selecting a coolant, it 
is necessary to consider the change in the thermal and 
physical characteristics of the liquid over the entire oper- 
ating temperature range as well as its chemical and elec- 
trical compatibility with the metals and electronic part 
materials with which it comes in contact. With direct li- 
quid cooling systems, these properties include chemical 
inertness, dielectric constant, power factor, viscosity. 


vaporization temperature, freezing temperature. flash 
point vapor pressure, toxicity, coolant life, thermal co- 
efficient of expansion, thermal coefficient of viscosity. 
surface tension, thermal conductivity and_ electric 
strength. 

There are a number of coolants which have been used 
trans- 
formers, chokes, capacitors, and other high-voltage or 
high-temperature parts. These fluids are for the most part 


hydrocarbons of one form or another and suffer from 


in assemblies, power and communications 


deficiencies. such as high dielectric constant. molecular 
instability, high power factor (particularly at radio fre- 
quencies), and inability to withstand very low or very 
high temperatures. 

Silicone fluids are superior to the hydrocarbons, espe- 
cially in regard to their ability to operate at temperature 
extremes. High-temperature operation is limited only by 
the cracking temperature of the fluid. The silicones are 
available in a wide range of viscosities and the electrical 
characteristics of several are listed in this section. The 
dielectric constant and power factor are good up to at 
least 100 mc. The dielectric constant decreases slightly. 
while the power factor increases with increasing tem- 
perature. 
significant. 
changes power factor from 0.000025 to 0.0003 in going 
from 25 to 150 C at a given frequency. 

The thermal conductivity of silicone fluids is actually 
quite low. being intermediate between glass and air. For 
this reason, a rather low-viscosity fluid 


In most instances these changes will be in- 
For example, 500 centistoke silicone fluid 


is generally 
chosen so that circulation due to convention will be aided. 
Fifty centistoke silicone fluid has been used with con- 
siderable success. 

The thermal expansion coefficient of all liquid dielectric 
materials is high. For example. DC-200 silicone fluid 
increases in volume by 13 per cent over a temperature 
range of from 25 to 150 C. It is therefore necessary to 
provide adequate space for expansion. 

It has been reported that polystyrene and some of the 
related resins are attacked by chlorinated hydrocarbons. 
Certain organic paints and varnishes are attacked by 
transformer oils. It has also been found that silicone fluids 
have an undesirable effect on some silicone-protected 
parts. In general, however, silicone fluids are inert with 
respect to most commonly used electronic materials. 
Specific data can be obtained from the manufacturers. 

Just as increased cooling is obtained with forced air 
instead of natural air convection, forced circulation of 
the coolant greatly increases the cooling rate when liquid 
cooling is used. The coolant may be pumped into an 
external exchanger for transfer of the heat into the sink. 
The pump, of course, requires power for its operation 
and, unfortunately, most of this energy is expended in 
the coolant in the form of heat. Thus, the total heat 
rejected is increased by the power consumed by the 
pump. However, the advantages of the small temperature 
gradients and increased cooling rates achieved with 
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forced liquid cooling can easily outweigh the disadvan- 
tages of the increased system complexity. 

Care must be exercised in orienting parts in order to 
obtain maximum cooling effectiveness. Further, if rela- 
tively high pumping pressures are used, the high-pressure 
stream should not be directed upon fragile electronic 
parts. The mathematical treatment of forced liquid cool- 
ing design is identical with that used for forced-air 
cooling, except that different coefficient values are used. 


Direct-Vaporization Coolants 


When a unit mass of liquid is heated at constant pres- 
sure it absorbs heat equal to its specific heat (at constant 
pressure) for each degree rise in temperature. Water, 
for example, has a specific heat of 1.0 Btu/(lb) (deg F) 
and when heated from, say, LOO to 150 F, absorbs 1.0 
(150-100) or 50 Btu per lb. This heat absorbed by the 
liquid to raise its temperature is termed “sensible heat.” 
If the liquid continues to absorb heat, it will ultimately 
reach a temperature at which boiling or vaporizing will 


begin. The term “saturated vapor” is applied to a liquid 
which has reached the boiling temperature corresponding 
to its vapor pressure. The saturation temperature is 
dependent on the pressure and increases with pressure. 
ior example, water at atmospheric pressure (14.7 psia) 
boils at 212 F. 
it boils at 267.2 F and if decreased to 5 psia. it boils at 
162.2 F. 

The amount of heat required to vaporize completely 
a unit weight of saturated liquid is known as “the heat 
of vaporization” 


If the pressure is increased to 40.0 psia, 


or “the latent heat of vaporization.” 
Its value depends on the saturation pressure or tempera- 
ture and decreases as the pressure increases. Compared 
with the sensible heat, the heat of vaporization is much 
For example, 970.3 Btu (284 watt hr) are re- 
quired to completely vaporize 1 lb of water at a saturated 
pressure of 14.7 psia and 2.2 F. Water has the highest 
heat of vaporization of most liquids and this. together 
with its very high heat transfer coefficient of vaporization, 


larger. 


makes it a superior heat-transfer medium. 

\ direct-vaporization cooling system can be very effec- 
tive since the heat is removed directly from the surface 
of the part. 
parts are exposed to the coolant, they are subject to any 


In the direct systems, since the electronic 


long-term corrosive or solubility effects which may exist. 
The coolant must be chemically inert with respect to, and 
compatible with, the electronic parts. 

In a direct cooling system the vaporized refrigerant 
In an 
indirect system the initial heat is removed from the elec- 
tronic parts to a separate heat exchanger by any suitable 


liquid is considered to be the primary coolant. 


means. The coolant is used only to accomplish cooling 
in the heat exchanger (secondary coolant). 

An example of liquid potting, which is one of the 
simple vaporization cooling systems, is shown in Fig. 16. 
The electronic parts are completely immersed in a volatile 
refrigerant, such as Freon 113. Since the container is 
hermetically sealed, a small space has been left in the 
top of the container to allow for expansion of the Freon 
vapor. When the surface above this space is cooled, the 
vapor will condense and return to the liquid state. The 
heat-producing components are mounted with their long- 
est axis in the vertical position to aid the formation of 
convective currents in the liquid. Heat is rejected not 
only at the top surface of the container by condensation, 
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Fig. 17—Typical direct expendable cooled electronic device. 


but also at the sides and bottom by convection. As the 
surface of the heat-producing parts exceeds the boiling 
temperature of the Freon (which depends upon the 
internal pressure in the hermetically sealed container). 
bubbles are formed at the hot surfaces, submerged boil- 
ing takes place, and free convective currents are induced 
in the Freon. Due to the high film coefficient of the 
boiling liquid, the temperature difference between the 
parts and the liquid is usually small. 

In expendable vaporization cooling systems the heat- 
bearing vapor is expended to the atmosphere as a waste 
product. Figure 17 presents an example of such a system 
in which the electronic parts are completely immersed in 
a suitable liquid. In order to expend the heat-laden vapor 
to the atmosphere, it is necessary to operate the assembly 
at a temperature that will produce a coolant vapor 
pressure greater that atmospheric pressure. The cooling 
capacity and operating time of an expendable system is. 
of course, limited by the supply of coolant available. 
It is necessary that the heat-laden and (perhaps) toxic 
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Backlash in Servo 


Backlash is usually neglected in the de- 
sign of a servo system because of the com- 
plexity of its nonlinear effect on the servo. 
In many cases. however. this effect can be 
so damaging to the proper operation of 
the system that it is imperative that the 
designer make an analysis to determine 
compensating means by which it may be 
overcome. The frequency response ap- 
proach appears to be the most satisfactory 


procedure for making this analysis. 


R. V. HALSTENBERG, Dynamics Engineer 
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Backlash characteristics. (A) Hysteresis loop created by backlash. (B) Sinusoidal input and output curves of a backlash 


Systems 


BACKLASH BEEN THE UNDOING of many 
tems. Not only can backlash limit the accuracy of control 


of a system in the steady-state condition, but it can also 


HAS servo sys- 


give rise to sustained oscillations. Usually these oscilla- 
tions are of low frequency and limited amplitude and 
are consequently not destructive: however, they do de- 
teriorate system performance and_ in 
make the system totally 

Much work has been done in recent years toward dis- 


some cases 


can 


useless. 


covering means of predicting the state of these oscilla- 
tions. or limit cycles, and a great deal has been accom- 
plished in developing techniques to eliminate them. In 
the following paragraphs situations where backlash ef- 
fects may be important are pointed out. applicable ana- 
lytical techniques are summarized. and compensating 
methods useful in system stabilization are described. It 
that tech- 
niques are most useful. if properly applied, and pro- 


is generally concluded frequency response 
vide a practical means for synthesis of stabilizing net- 
works. 

Backlash is mechanical hysteresis and can be defined 
as “the difference between the increasing and the decreas- 
ing output.” A better appreciation of this nonlinearity can 
be obtained from an inspection of Fig. 1. which shows 
the characteristic behavior of backlash. Without using 
any mathematics, Fig. 1 shows that backlash in a system 
results in gain reduction and increased phase lag. 

Lost Motion Backlash. The backlash source which 
usually receives first consideration is mechanical slop. 
This type of backlash is shown in Fig. 2, 
push-rod_ linkage 


a top view of 
an oversized bearing in an unloaded 
with the resulting input-output characteristic. Of course, 
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efforts are usually made to hold bearings and other 
sources of lost motion to as good a fit as practicable, but 
this is not always enough. Indeed, holding extremely 
close tolerances on bearings and the like is in some 
cases only the first step toward effectively combatting 
backlash. 

To properly sum up and evaluate all of the lost motion 
in a system. each individual backlash loop should be 
referred to a single point in that system, preferably the 
output. In this summing process, lost motion at any 
point is divided by the mechanical advantage over the 
reference point. Thus. the small gear of a 60-to-l gear 
train would see a full degree of slop for every minute 
of lost motion seen by the large gear. In view of back- 
lash considerations. it is definitely desirable to separate 
backlash and system output by a high mechanical ad- 
vantage. 

Two design practices have so far been mentioned: 
keeping free play small and making free play look 
smaller by high mechanical advantages. Far more effec- 
tive than either of these is the reduction of the number 
of places where free play can occur. This elimination of 
sources is often possible only at some price, usually an 
increase in size. For example. if a given gear ratio is 
desired. it can be achieved more compactly with three 
gears than with two, but the sources of free play are 
doubled in the smaller arrangement. It is impossible to 
say in general whether or not an increase in size to 
reduce backlash is justified. 

One possible way of reducing or eliminating slop is to 
use spring loading as shown in Fig. 3. The spring is made 
sufficiently stiff to keep the lost motion always under a 
unidirectional load. This scheme. however. must be used 
with caution since it increases the force level and. as will 
be seen later. high force levels can result in appreciable 
backlash of a different sort. Another bad feature of un- 
necessarily high loads on moving parts is the addi- 
tional wear. 
feedback linkages or gears it is 
especially desirable to keep any load as small as possible 


In high-accuracy 


in order to minimize the increase of backlash due to 
wear. For this reason it is a good practice to obtain the 
feedback at a point which avoids the output load bearing 
or gear. Any sliding part which operates under a high 
load is undesirable as far as backlash is concerned, but 
the output is usually both the point of highest load in 
the system and a tempting choice for feedback (since 
it is the point where control is desired). However, close 
control through appreciable backlash is difficult. and low 
iumplitude performance of a closed-loop system will usu- 
ally be better if any free play between actuator and load 
is left outside the loop. 

Friction Backlash. Backlash is manifested in two 
rather different ways in systems where friction is present. 
First. there is the case where force is the input or output 
of an element and friction becomes the direct equivalent 
of lost motion insofar as it is lost force. An aircraft auto- 
pilot motor which has a force output must overcome 
friction before it can generate an aerodynamic moment 
on the control tab. When the output of the motor is re- 
duced slightly, the friction tends to keep the aerodynamic 
moment on the tab. The full width of the backlash loop 
is therefore twice the value of the friction. Another ex- 
ample of lost force backlash is found in aircraft manual 
flight-control systems. A plot of control-stick force vs 
surface position demonstrates that the pilot must reverse 
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his force by twice the friction in order to move the 
surface in the opposite direction. 

Second, friction can also cause backlash in a position- 
ing element when the position is transmitted through 
rods, shafts, or bell-cranks which have relatively low 
spring constants. If one end of the push rod shown in 
Fig. 4. is displaced. the friction at the output end must be 
exceeded before the output will move. The force to exceed 
the friction is transmitted by the inherent spring effect 
of the rod, and this spring will compress and extend so 
as to give a position backlash loop equal to twice the 
friction divided by the spring constant. This type of 
backlash is often overlooked and therefore has extra 
potential to cause trouble in a completed system. 

Testing to Determine Backlash. Direct measure- 
ment of the backlash present in a control system often 
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Fig. 2—Backlash or lost motion in a coupling bearing. 
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Fig. 3—Spring loading to remove backlash in coupling bearing. 
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Fig. 4—Mechanical schematic to illustrate backlash created by 
friction. 
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Fig. 5—Typical results obtained in a backlash test. 


entails problems of considerable magnitude. Unless a real 
need for an accurate backlash measurement can be estab- 
lished, it is usually better to use an indirect evaluation. 
such as positioning accuracy or low amplitude transient 
performance. If direct measurement is required, the prob- 
lem can be split into three parts: (1) input, (2) instru- 
mentation. and (3) interpretation of results. 

1. Considering the first part of the problem, the easiest 
input to generate is simply a series of static positions 
with the output recorded at each position. However, this 
static positioning technique usually results in a confusing 
and irregular input-vs-output plot since “stiction”’ (static 
friction) must be overcome each time. A much better 
input is one which maintains constant movement except 
for intended reversals. At the other extreme, if the input 
is too fast, linear portions of the system can contribute 
to the width of an input-output plot by means of their 
linear phase lags. Cycling the system quite slowly with 
respect to any time constants will usually make these 
linear effects negligible. Another method is to make the 
input a triangular wave and subtract a quantity equal to 
rate times system velocity constant from the results. 

2. Instrumentation problems in backlash testing are 
usually the result of poor resolution or excessive force. 
A linear potentiometer with 0.001 in. resolution is all but 
useless when evaluating a bearing slop of 0.0005 in. The 
friction from wipers, seals, and alignment bearings with- 
in the potentiometer can easily add a relatively great 
amount of force to a delicate system. Although they in- 
volve demodulators and amplifiers, the various variable- 
inductance, a-c motion pickups will usually be found far 
superior to potentiometers when testing for backlash. Of 
course, any pickup which has free play in its mounting 
will indicate extra lost motion, and any pickup which 
is improperly aligned will introduce appreciable force. 

3. Once input and instrumentation problems have been 
overcome and a plot of input vs output has been obtained, 
there is still the problem of evaluating the backlash. 
The plot will contain, in general, stiction, dead space. 
lost motion backlash, and friction backlash. Stiction is 
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Fig. 6—Analog computer circuit which can be used to simulate 


backlash. 


easily spotted (as illustrated in Fig. 5) if the input has 
been continuous. If the static position input technique 
has been used, a guess at the average loop width will 
have to suffice. Figure 5 clearly shows a nonintegrated 


dead space, but an integrated dead space cannot be sep- 


arated from backlash. A dead spot in velocity will give 
a hysteresis characteristic to the integral of velocity. 
which is position. For some purposes an integrated 
dead space can be considered as part of the backlash, but 
in limit cycle investigations the two nonlinearities give 
decidedly different results. Where it is desired to sep- 
arate nonlinearities, the only solution is to instrument 
each possible source in the system and plot input vs out- 
put for every one of them. 

The most convenient method of obtaining an input- 
output plot is by means of an electrical “X\-Y” plotting 
board. There are a number of good X-Y plotters avail- 
able, but all of them have relatively slow dynamic re- 
sponses and, here again, care must be exercised to avoid 
having linear phase-shift effects added to the backlash 
loop. (A long-persistence oscilloscope might be used to 
obtain an X-Y plot for fast systems.) Aside from being 
convenient, an X-Y plotter allows instant evaluation of 
the system while it is in operation. In one series of air- 
craft control system tests, a plotting board made it pos- 
sible to watch force hysteresis increase as a_ bearing 
bound up progressively each time the system was cycled. 
Being able to “see the backlash in action” aided greatly 
in locating and repairing the trouble. 

Elimination Through Dither. An inspection of back- 
lash characteristics reveals that, for oscillating inputs 
greater in magnitude than the backlash loop width. the 
output maintains the correct average value. This prin- 
ciple, in which a high-frequency oscillation of sufficient 
amplitude is added to the control signal, can be effec- 
tively used to eliminate backlash by “dither.” Since the 
short-period average value of the combination input is 
the same as the original signal, the signal is transmitted 
accurately. Dither is effective in eliminating any small- 
amplitude nonlinearity, but the increased wear on the 
system can be very great. Consequently, for any system 
which is to operate continuously for long periods of time, 
it is preferable to utilize some other method of combat- 
ing backlash. 

Analysis. The exact analysis of systems in which 
backlash is important is necessarily complex since the 
mathematical descriptions of such systems usually take 
the form of nonlinear differential equations of a type 
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Fig. 7—Simple servo system with backlash in which the de- 


scribing function of the backlash is treated as a_ transfer 
function. 


involving multiple-valued functions. Limited success has 
been attained by the use of the following long-hand tech- 
niques in analyzing relatively simple systems: 

1. Linearization by pieces, in which the equation for 
motion along each side of the hysteresis loop is taken as 
a linear one, the final conditions for the equation of 
motion on one side serving as initial conditions for the 
equation of motion on a succeeding side. A complete 
solution to any forcing function can thus be obtained if 
one has sufficient stamina. It is perhaps of importance to 
note that this type of linearization is different from the 
common linear approximations employed by engineers. 

In systems where the existence of limit cycles depends 
on the initial conditions or on the forcing function, it 
may be difficult to predict a limit cycle properly by 
piece-wise linearization techniques. However. much has 
been learned about particular low-order systems. The 
possibility of limit cycles, their frequency and ampli- 
tudes. can often be determined. To extend the treatment 
to a point where sufficient insight is obtained to be able 
to synthesize compensating networks or other stabilizing 
means is almost a practical impossibility. 

2. Use of the phase plane, in which the dependent vari- 
able is plotted against its derivative. In low-order systems 
the phase plane is of considerable value in the prediction 
of the behavior as well as the synthesis of stabilization. 
The most serious limitation is the general clumsiness of 
the technique when applied to higher-order systems, and 
it is seldom applied there. Some insight can be obtained 
about high-order systems through use of the phase plane, 
however, if they can be approximated by low-order de- 
scriptions. The approximation may sometimes obscure 
important limit cycles and the method is considered 
undependable. 

3. The analog computer, in which circuits to simulate 
backlash phenomena are constructed. One of the most 
successful of these, the integration of a dead spot inside 
a closed loop, is shown in Fig. 6. The circuit is that of 
a modified linear time lag. It is essential that the gain 
in the loop be at least ten times the highest frequency 
of interest in the study in order for the time lag to be 
ineffective. It is equally important that the dead spot 
simulation be very accurate near the origin in order to 
avoid improper phase shifts at low frequencies. It is 
considered advisable to check the simulation graphically 
by inserting trial inputs typical of those to be experienced 
in the study and compare actual output with expected 
output. 
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Fig. 8—Amplitude vs phase-shift plots for linear and nonlinear 
portions of simple servo with backlash. Lower point where 
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Fig. 9 (below)—Curves showing elimination of possible system 
oscillation by introduction of rate feedback (1+j 0.5wT) or of 
a lead-lag network in feedback (1+ jwT) /(1+) 0.4eT). 
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Fig. 10—Backlash compensation by lowering of system gain at 
low input-signal amplitudes. 


The analog computer is considered by many to be the 
only tool available to provide a complete solution to the 
backlash problem in a system. It is useful in all practical 
orders of systems for simulating those with multiple non- 
linearities and analyzing those in which it is desirable 
to use a part of the physical system directly rather than 
simulate it. Compensating techniques and insight into 
stabilization are obtained on the computer by trial and 


error—often an expensive, time-consuming process. Here, 
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as in the application of piece-wise linearization tech- 
niques, if a limit cycle is dependent on initial conditions. 
it may be difficult to ferret out. 

Describing Functions. The most generally applicable 
method for investigating the effects of backlash on 
the low-amplitude stability of a closed-loop system is the 
use of the describing function. Since this method is an 
extension of the familiar frequency-response techniques 
used with linear systems. very few new concepts are re- 
quired. When using describing functions it is assumed 
that, for a sinusoidal forcing function. only the funda- 
mental frequency component of the output of the non- 
linear element is effectively transmitted around the con- 
trol loop. To state it differently. the basic assumption of 
the describing function approach is that all higher har- 
monics and the average output are negligible. The val- 
idity of this basic assumption must be investigated when 
making an analysis, but it will usually be found that 
the assumption is quite good. 

The sinusoidal input to the backlash is expressed as: 


Input VF osin wl 


By Fourier analysis it can be determined that the out- 
put is: 


Output 1, sin (wl + 6) + Ay sin Bal + 6.) 


[There are no even harmonics since’ flewt+-7) 
flwt).] As stated previously. only the fundamental 
frequency component of the output is used so that the 


describing funtcion in operational notation becomes 
(1)* 


The describing function, DF, is the steady-state sinus- 
oidal transfer function of the nonlinearity. For use in 
this analysis the amplitude ratio (1 gain) and phase 
angle of the negative inverse (—1 DF) of the describing 
function are calculated as a function of BM (see Fig. 1) 
and tabulated. 

A block diagram of a simple control system with 
backlash is shown in Fig. 7. The describing function of 
the backlash is treated as a transfer function so that 
the transfer function of the system is: 


Oulput AG (jw) 
Input | AG (jw) xX DE 


For instability. the denominator of the equation must be 


zero, or 


AG (jo) X DF 0 


l 
AG (jo) 
: DI 
The two functions are then plotted on either a polar 
plane or an amplitude-phase shift plane. The latter has 
been done in Fig. 8 for KG (jo) equal to 1.5/joT 
(] — jol')?. 

In interpreting the graphs, it will be noted that the 
*For an explanation of the derivation of Eq (1), see H. Chest-ut and R. W 
Mayer, Servomechanisms and Regulating System Design, Vol. 1, Chapter 2, John 
Wiley and Sons, New York, 1951. 
+The calculation of the tabulated values is more fully described in J. G. Truxal, 


dutomatic Feedback Control System Synthesis, Chapter 10, McGraw Hill Book 
Co., New York, 1955. 


(Continued on page 274) 


ELECTRICAL MANUFACTURING 





The new cutting machine, the 
“Imperial,” developed and pro- 
duced by the DeWalt Division of 
American Machine & Foundry 
Company, is adapted to safe and 
rapid cutting of wood and metal. 
In the new design, safety and con- 
venience have been prime design 
targets. All possible controls were 
centralized at the front of the arm. 
The miter angle indicator, at the 
top of the main supporting column 
of the machine, is provided with 
back-lighting and a magnifying 
glass. The rip scales and bevel 
angle indicator are equipped with 
large graduations and figures for 
rapid reading by the operator. In 
the illustration, the machine is ar- 
ranged for metal cutting. For this 
purpose, a power feed attachment 
is provided, shown on the left side 
of the arm, and coolant lubricant is 
fed from a well attached to the 
rear column. 


Power Positioning and Control 
for Machine Flexibility and Safety 


THE NEW “IMPERIAL” radial-arm cutting machine was 
conceived by the DeWalt Division of American Machine 
& Foundry Company to fill a definite need for a medium- 
to-heavy service machine for use in industry. Specific 
design objectives were formulated at the start of the de- 
velopment and these guided the selection among alter- 
native design elements, from basic forms to less ob- 
vious but essential details. The final design of a cut- 
ting machine that offers extreme flexibility combined 
with ease and safety in use was the result of integrated 
creative efforts by the DeWalt engineers and the indus- 
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trial design consultants, Peter Muller-Munk Associates 
of Pittsburgh. 

The new design was to be more than a mere external 
re-shaping. The machine visualized initially and which 
was successfully developed was to be more functional. 
better looking, easier to operate, and in addition was 
to possess numerous in-use features and advantages. 

The machine is applicable to cutting both wood and 
metal, and is quickly and safely adapted for either class 
of material and also for the various forms of cutting 
by the manipulation of conveniently placed and logi- 
cal controls. Normally the machine is furnished for 
60-cycle, 3-phase, 220/440-volt operation, but 
electrical combinations are available. 


other 


The machine is made in three power sizes, the 5- and 
714-hp models having 16-in. saw blades and the 10-hp 
unit having 20-in. blades. All models feature dynamic 
braking. one of the safety features. which reduces the 
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Details of control center at front of arm of new 
cutting machine. The machine arm is power elevated and 
lowered by a small auxiliary motor controlled by the but- 
tons shown. At the top is the bar that permits setting the 
main arm for angle miter cuts, and for locking the arm in 
the desired position. The wide, strategically placed emer- 
gency stop bar at the bottom serves to cut off all power to 
the motors and their controls instantly. 


Fig. 1 


“drift” time of blades or other tool attachments from 
minutes to about 20 sec. Safety and convenience are 
also considerably enhanced by the provision of motor- 
driven power elevation of the arm of the machine. 

Both motor actuation and arm elevation control in 
the Imperial are governed by a 24-volt d-c control cir- 
cuit. The voltage choice resulted from a survey con- 
ducted by DeWalt among switch manufacturers, Under- 
writers’ Laboratories and with consideration of JIC 
and other standards. 


Fig. 2—The unusual power of the DeWalt Imperial gives it 
capacity for heavy work, with special cutters operating directly 
from the spindle for top efficiency. 


102 


The relationship between machine controls and oper- 
ational ease and safety was the key consideration in 
selecting the forms and placement of controls. Central- 
izing the controls at the front of the cutting machine. 
Fig. 1, allows one-spot, finger-tip positioning and oper- 
ation. At the front of the arm, which encloses all miter. 
yoke and electrical controls, the miter control handle 
is instantly accessible to the operator. To lock the arm 
the handle is pulled forward rather than pushed to the 
rear, as formerly. for greater safety. A few inches away 
from the miter control handle, at the forward tip of 
the arm, are the power on-off buttons. power elevation 
control buttons, and the emergency stop bar. Formerly 
manually controlled by a hand crank. power elevation 
control considerably lessens operator fatigue. The wide 
emergency stop bar. which cuts all power to the ma- 
chine, “floats” on springs and is strategically located 
so that it can be struck from any angle by the operator’s 
hand, forearm or shoulder if necessary. 

Immediately below the electrical controls is the oper- 
ating handle. which allows excellent control of the cut- 
ting blade as it does not swivel with the motor. Figs. 2 
and 3. The bevel latch handle which indexes the cut- 
ting blade, the easy-to-read bevel protractor. and the 
large lever bevel clamp that provides quick, sure lock- 
ing action in clamping the blade at a desired setting 
are also all within convenient reach from the front of 
the machine. Dual rip scales on the sides of the main 
arm permit slide adjustment from either side. Where it 
was impractical to move them forward, other scales, 
dials and indicators were enlarged for readability. The 
miter protractor was enclosed at the far end and _ pro- 
vided with back-lighting and a magnifying glass for 
easy reading. 

Electrical System. Dynamic power braking is ac- 
complished in the new machine by connecting low-volt- 
age d-c to the winding of the main power motor after 
the a-c has been disconnected by the starting contactor, 


Fig. 3—Compound miter operation is easily accomplished on 
the new machine. The cutting head is tilted for the bevel, while 
the arm is arranged for miter cut. 
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The stepping time of the motor is controlled 


Fig. 4 
g. ° 


»y limiting the 


level of d-c voltage supplied to the 
windings, since too fast a stop might cause the saw 
blade to loosen on the driving arbor, which has left- 
hand threads. An electronic timing circuit controls the 
length of time of application of the dynamic-braking 
d-c, which is obtained from a step-down transformer 
and a selenium rectifier, Fig. 5. The rectifier also pro- 
vides d-c for the small motor used for power elevation. 

At the front end of the machine arm, two buttons 
direct the power elevation and lowering of the arm by 
energizing the 24-volt coils on the up and down relays. 
The “start” and “stop” buttons for the main drive con- 
trol the cutting motor main contactor, and the emer- 
gency stop bar cuts the power to all controls. Among 
the various safety interlocks provided in the circuit is 
one that prevents the elevating motor from operating 
when the cutting motor is running. If some particular 
cutting operation requires that the machine be raised 
or lowered when the cutting motor is running, the oper- 
ator can achieve this by holding the start button oper- 
ated while pressing the desired “up” or “down” but- 
ton. Fs <2-@ 
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Electrical circuit of the cutting machine, showing all controls and interlocks. 


Fig. 5—Relays, braking timer and the selenium rectifier for 


providing d-c for dynamic braking and for the elevation motor. 





Volt-Ampere Graphical Analysis 


The method of analyzing electrical and electronic circuits through the use of 


volt-ampere curves is a valuable tool sometimes overlooked by the design en- 


gineer because of its deceptive simplicity when applied to linear circuits. When 


applied to non-linearities, however. this simplicity permits obtaining an evalua- 


tion more easily than by any other process. 


Fig. 1—Determination of volt-ampere characteristic of resistor 
by interrogation. 
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Fig. 2 


Interrogation of resistor and battery in series. 


0 


Fig. 3 
tion with battery polarity reversed. 
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Volt-ampere characteristic of resistor-battery combina- 


VINCENT J. PETRUCELLY, Manager 
Technical Services Section 

Electronics Laboratory 

AMERICAN Macuine & Founpry ComMpPANy 
Stamford, Conn. 


VOLT-AMPERE CURVES for analyzing electrical and elec- 
tronic circuits constitute a powerful tool which, when 
once understood, unlocks the gate to many problems that 
confront the circuit designer. Non-linear circuits such as 
those involving vacuum tubes. transistors. thermistors, 
and incandescent lamps all lend themselves to solution 
by the volt-ampere approach. The principle employed is 
an expansion of the technique used by most engineers in 
plotting load lines for vacuum tubes. Basically. it makes 
use of the volt-ampere characteristics of the device being 
studied and combines these with an electrical interroga- 
tion of the device and its load to obtain graphical informa- 
tion about the operating conditions. Perhaps the best way 
to understand the method is to present a few examples. 

Resistive Elements. From Ohm’s Law we know that 
for any given resistance the current will be proportional 
to the voltage. The volt-ampere characteristic of a resistor 
may be determined by “interrogating” the resistor with 
a voltage and determining the current that flows. Thus. 
an interrogating voltage e,, shown graphically as a bat- 
tery with the polarity as indicated in Fig. 1A. causes a 
current i, to flow through the resistor in the direction 
shown. If assumed values of voltage are used, then 
calculated (or measured) values of i, may be determined. 
If we establish the convention that, when the battery is 
connected with its positive terminal as shown, the current 
i, that flows shall be considered positive, then the straight 
line shown in Fig. 1B results. Note that the line lies not 
only in the first quadrant but also in the third quadrant. 
because the reversal of the polarity of e, from what is 
shown in Fig. 1A would cause i, to flow in a reverse or 
negative direction from that shown. 
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Fig. 4—Characteristics of a parallel combination of resistances 
and battery. 
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Fig. 5—Numerical example for same circuit as shown in Fig. 4. 


If we place a second battery in series with R,, as shown 
in Fig. 2A, we may also determine the volt-ampere char- 
acteristic of this combination by interrogation from the 
first battery. Thus, when e, equals E,, with polarities as 
shown, i, is zero. When e, is equal and opposite to E£,, 
l, becomes 


fea er “1 -(e, + E () 
R, R, 

Thus, i, has become negative when e, is negative. Also, 
—E,/R, and i, is negative. This 
is shown in Fig. 2B, where the volt-ampere characteristic 
is shown in the first, third and fourth quadrants. Also 
shown is the short-circuit current, which is that current 
obtained when terminals a-b are shorted, and the open- 
circuit voltage, which is the voltage at a-b when no cur- 
rent flows. 

If we reverse the polarity of £,, as shown in Fig. 3A, 
interrogation would show that the characteristic falls in 
the first, second and third quadrants, as shown in Fig. 3B. 

Let us now take the R, and E, combination shown in 
Fig. 2A and place a resistor R, in parallel, as shown 
in Fig. 4A. Let us say that we wish to find J, and £,. 
From Ohm’s Law, 


when e; is zero, I; 


EB 


h 
R, t R, 


(2) 
and 
E: = —f, R, (3) 


We may also find J, and E, graphically. The method for 
doing this is worth studying, because R, and E, could 
be non-linear devices whose combination could not be 
solved with Ohm’s Law. However, to make the explana- 
tion simpler, consider the method with resistors. Resistor 
R, and battery E, could be in a “black box” and the 
volt-ampere characteristics could still be determined by 
interrogating the black box at points a and b. Such an 
interrogation results in characteristic (1) of Fig. 4B. 
Also, interrogation of R, results in characteristic (2). 
If we interrogated R, and E, in parallel with R,, we 
could determine the characteristic of the combination by 
noting that the interrogating voltage is common to R, 
and E, in parallel with R,. Therefore, we may ‘use char- 
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Fig. 6—Determination of characteristic for non-linear element. 
(A) Incandescent lamp with dropping resistor. (B) Lamp with 


load. 


Fig. 'T®\Characteristics of non-linear diode. (A) With resistor 
in series. (B) With resistor as load. 
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acteristics (1) and (2) to obtain combined characteristic 
(3) graphically by reading the currents for (1) and (2) 
at each assumed common voltage e, and adding them 
algebraically. The short-circuit current of the E,, R, and 
R. combination is again the current that flows when 
a and b are shorted and is point (4) in Fig. 4B. Thus. 
the short-circuit current is E,/R,. The open circuit volt- 
age of the E,, R, and R, combination may be found from 
curve (3) at point (5) where the current is zero, and 
this is (E, R,) ORs. 

To take an example, let us say that R, is 10 ohms, 
R, is 5 ohms, and E, is 5 volts. If we interrogate R, and 
E, alone. we get the following points for the interrogating 
voltages and currents. 


ly 
0.5 
+. 0 
a * l 
If we interrogate R,, we get the following points for the 
interrogating voltages and currents: 
Cr 
0 
+ 10 
—10 
We may plot these points to obtain curves (1) and 
(2) of Fig. 3, from which curve (3) is derived. From 
curve (3), the short-circuit current is 0.5 amp, and the 
open circuit voltage is 1.7 volts. From Ohm’s Law, the 
short-circuit current is 5/10, and the open-circuit volt- 
age is 


Ay R=5x5 = 
R, + R: 15 


= = 1.66 volts 
5 


The resistor R, may be considered to be a load for the 
black box consisting of R, and E, and, as such, may be 











Fig. 8—Twe diodes are combined in parallel to obtain the 
characteristics ef an AND circuit. 
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handled as a load line. This may be accomplished by 
plotting the mirror image of the volt-ampere curve tor 
R:, which gives curve (4). The intersection of curve (4) 
with curve (1) then is the operating point of the parallel 
combination of R,, E,, and R,. The voltage a-b or E, is 
determined from the operating point. The circulating cur- 
rent may also be determined by reading from the operat- 
ing point to the current axis. Thus. E, is 1.6 volts and 
the circulating current is —0.38 amp. By calculation this 
current is 5/15 0.33 amp. 


Non-Linear Circuit Elements 


Incandescent Lamp. With the technique described 
above, we can now graphically analyze a non-linear 
circuit element. Consider an incandescent lamp with the 
volt-ampere characteristic shown in Fig. 6. A 100-ohm 
resistor is connected in series with the lamp and 14 volts 
are applied across the combination. We wish to find the 
current through the lamp and the voltage drops across it. 
Figure 6A is redrawn in Fig. 6B so that the resistor acts 
as the load on the lamp. The load-line technique may 
therefore be employed. In Fig. 6C, curve (1) is the volt- 
ampere characteristic of the lamp, and curve (2) is the 
volt-ampere characteristic of the combination of E, and 
R,. If the mirror image of curve (2) is drawn, the load 
line, curve (3), is obtained. Curve (1) intersects curve 
(3) at the operating point, from which we can determine 
that the current through the lamp is 75 ma and _ the 
voltage across it is 6.5 voits. 

Diode. If the non-linear circuit element is a diode, 
its volt-ampere characteristic would appear as shown in 
curve (1), Fig. 7C. Suppose a resistor and battery are 
placed in series with the diode and it is required that we 
find the voltage drop across the diode and the current 
through it. If the circuit of Fig. 7A is redrawn so that 


Current 











| © 
Fig. 9—Circuit of Fig. 8 with one diode biased. 
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the resistor is the load for the diode, we obtain Fig. 7B. 
We plot the volt-ampere characteristic of the diode as 
shown by curve (1) and of the resistor and battery 
as shown by curve (2). Then the mirror image of curve 
(2) gives us the load line for the diode, and the point 
of intersection of curves (1) and (3) is the operating 
point of the diode. 

If it is desired to determine the volt-ampere charac- 
teristic of the diode with the resistor and battery in 
parallel, we need only interrogate at a-b, Fig. 7B, and, 
by noting that the interrogating voltage e,; is common 
to both branches and that the currents in both branches 
add algebraically. obtain sets of points for i, and e, for 
the parallel combination, shown by curve (4). 

Curve (4) then represents the volt-ampere character- 
istic of the combination shown in Fig. 7B. If a new com- 
bination is desired, as shown in Fig. 8A, the graphical 
analysis may be made again by considering each element 
in turn. Note that Fig. 8A shows a form of an AND cir- 
cuit (an output occurs only if all inputs are present). 
The solution for AND circuits driving other AND or OR 
(an output occurs if any input is present) circuits may 
be found by the process just described, considering each 
element in turn. Thus, for Fig. 8A, we may redraw the 
circuit as shown in Fig. 8B. Then the volt-ampere char- 
acteristic for diode 1 may be plotted as shown at (1) in 
Fig. 8C, and for diode 2 as shown at (2). The net effect 
of both diodes in parallel is determined by interrogating 
them and noting that for the same voltage e, the currents 
in the diodes add algebraically. The load line for R, and 
E,, is plotted as before as shown at (4). 

It should be observed that the AND circuit of Fig. 8A 
should be analyzed for the several conditions under which 
it will operate. Thus, for one case the input to diode 1 
could be at a high voltage, while the input to diode 2 
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Fig. 10—Circuit of Fig. 8 with both diodes biased. 
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could be at a low voltage, thereby preventing the appear- 
ance of a high voltage output at point O of Fig. 8A. 
An example of this is given in Fig. 9, which shows how 
curve (1) of Fig. 8C is displaced because of the presence 
of voltage Ex. 
the operating point is found as shown in Fig. 9C. Note 


Using the same principles discussed above, 
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Fig. 11 


operating grid voltages. 
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Fig. 12—Analysis of cathode follower circuit with cathede 


biased negatively. 
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(A) Cathode follower circuit. (B) Interrogation of 
plate-to-cathode circuit. (C) Interrogation of cathode-to-ground 
eireuit. (D) Use of characteristics and load line to determine 


this point is not far different from that in Fig. 8C, where 
both diodes are at a low potential. 

Figure 10 is drawn for the case where both diodes are 
at a high potential. This is the case where the output of 
the AND circuit should be high, and it will be observed 
that this is so on the graph of Fig. 10C. 

Cathode Follower. Assume a value of cathode 
resistance and plate voltage, depending upon tube type. 
To determine the operating points, interrogation is 
performed from plate to cathode and from cathode to 
ground, yielding the curves e,, and e;, respectively, of 
Fig. 11D. Curve e,, is then reflected onto the tube char- 
acteristics, giving epim as the load line. If it is assumed 
that a current 7, is flowing in R,, then the point a at the 
intersection of épm and the current i, is the value of 
grid-to-cathode voltage, e,,,, required to cause this cur- 
rent to flow. In addition, the plate-to-cathode voltage is 
€pk:, and the cathode voltage will be e,,;. 

We know that e, + e,, — e, — 0 (assuming a voltage 
rise to be positive), and since we have determined ex 
and e;, we may now calculate e,, for the value of current 
assumed as i,. Thus 


Cs) —C€gki TT Cki (4) 


Other values of e, may be found by assuming other 
currents for i. With these values, an e, curve may be 
drawn as shown. 

Fic, 13—(A) Cathedo-d . ; The e, curve now gives us important information. For 
D) Panttrivesttieen aarti pee or mat - example, the signal necessary to cause cut-off occurs 
eng respectively. (E) Amplifier characteristics with load 
tmes. 


where i, is zero, and is point b on the e, curve. From 
Eq (4), we get e,, — —e, + ex = 0. Therefore, for 


+300 
O 


| 


2 R, =100k 


in I2AU7 


R, = 3000 


r) ee if 


Fig. 14—Graphical determination of grid voltage line for circuit of Fig. 13. 
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values of e, yreater than e, the grid becomes positive. 
The point where e, = e;, is shown at c on Fig. 11D. If it 
is desired to know an intermediate value of e, for a given 
e,, this may be determined from the e, and e, curves. 

The above analysis may be extended to include the 
case where the cathode is negatively biased. Interroga- 
tion is accomplished as previously, except that now when 
we interrogate the cathode circuit a battery must be 
considered. Figure 12B shows interrogation from plate 
to cathode. The curve for this is e,x, and it passes through 
the point i, = 0, e, = E, + E,. The reflected e,, line 
gives us the load line epxm. 

The e, line is found by interrogating the cathode with 
its battery as shown in Fig. 12C. The e, line is now found 
as previously. 

Cathode Degenerative Amplifier. The cathode 
degenerative amplifier may be treated in a manner 
similar to the cathode follower, except that now the plate 
resistance must be considered. Interrogation is made 
from plate to ground, cathode to ground, and plate to 
cathode, and curves are plotted as shown in Fig. 13 for 
€p, €x, and ex. It is now possible to obtain the e, line, 
through the use of the e, and e,, lines, as described pre- 
viously for the cathode follower. The new line e, is used 
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for determining plate output voltages. In the following 
example the e, line shown in Fig. 14B is obtained for the 
circuit in Fig. 14A. 


Example: 

To determine e,, line: 
i ae EB, = 300 con 
= Ri +Re 100,000 + 3000 


= 2.91 ma, for eg = 0 
iz = 0, for eg = 300 





To determine e, line: 

Rt 100 ,000 
= 3 ma, for e, = 0 
i, = 0, for e, = 300 


ls 


To determine e; line for e; = 6 volts: 


6 9 


ip =. = 2 me 
3000 
then 
Co = ~—Cok T Cb 
From the graphs: 
i Cok 
—15 
—10 
— 4.7 
0 








The Silicon Controlled Rectifier— 
A Semiconductor Power Switch with 
Microsecend Response 


(Continued from page 65) 





such as bridge and center-tapped circuits to achieve 
switching and rectification in the same device. By using 
the contacts of a high-speed current relay to open the 
gate circuit when short circuits occur in the d-c load, 
controlled rectifiers will interrupt faults at the first cur- 
rent zero after the gate circuit is opened, thus providing 
self-protection against load faults for the controlled 
rectifiers. 

A self-protecting and self-holding rectifier switch cir- 
cuit which interrupts within one-half cycle is shown in 
Fig. 9. This circuit uses two controlled rectifiers and 
two conventional diode rectifiers in the four legs of a 
single-phase rectifier bridge supplying d-c to a load. 
Gate excitation is provided from a separate low-voltage 
source, V¢, through a small holding controlled rectifier, 
CR3. The latter is initially fired by the sTaRT button but 
thereafter maintains itself and the gates of CRI and CR2 
in conduction until such time as the anode current of 
CR3 is interrupted by some external means. This occurs 
if the stop button is momentarily depressed, or if the 
voltage drop across r due to overload current equals or 
exceeds V, minus the gate drop of either CRI or CR2 
minus the anode drop of CR3. Circuit interruption will 
occur the first time that the load current through either 
CRI or CR2 reaches zero after the control device, CR3, 
has tripped out. This will occur within one-half cycle 
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after the load current has reached its critical tripping 
value. In circuits of this type in which gates are excited 
with pure direct current, the peak inverse voltage rating 
of the controlled rectifier device must be derated to some 
extent since the flow of gate current during the reverse 
blocking half cycle causes a substantial increase in reverse 
leakage current which might lead to thermal runaway. 
Alternatively, gate circuits can be designed to clamp the 
gate at zero while the anode is negative. 

The controlled rectifier can be used to switch a-c cur- 
rents by connecting two controlled rectifiers back-to-back 
as shown in Fig. 10. Each controlled rectifier conducts 
and delivers power to the load for one-half of the cycle 
when the gate circuit is energized. Two diodes are pro- 
vided to channel current through the initiating contact 
and then through the gate circuit of the proper controlled 
rectifier, depending on the instantaneous polarity of the 
supply. 

In all of the foregoing circuits except the d-c switches 
in Figs. 7 and 8, gate circuitry may be adapted to delay 
the gate signal with respect to the anode voltage each 
cycle. When operating from an a-c source, output can be 
varied from full-on (firing at the beginning of the respec- 
tive half cycle) to full-off (gate signal delayed until after 
the anode voltage has reached zero or reversed). In this 
type of circuit, the controlled rectifier acts as a voltage 
regulator in addition to a switch and rectifier. 

The foregoing circuits are suggestive of the many uses 
for the silicon controlled rectifier as a simple a-c or d-c 
switch. As designers devise other variations and types 
of circuits, applications of this new semiconductor may be 
expected to have far-reaching effects on the universal 
problem of controlling the flow of electrical current 
speedily and with ease and efficiency. oRoke) 
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Above: Typical Sola regulated d-c power supply rated 
125 volts at 2 amp, packaged on 19-in. ventilated chassis 
for rack mounting. Right: Components of a 48-volt, 414- 
amp regulated d-c supply built into shallow end of an 
IBM Type 47 tape-card printing punch. 


Static-Magnetic Regulated 
D-C Power Supplies 


The a-c regulation capability of the 


constant-voltage transformer, the low 
forward-voltage drop of the germanium 
or silicon rectifier and the high capaci- 
tance of the etched aluminum-foil elec- 
trolytic capacitor team up as a high- 
watts-per-lb fixed or adjustable source 
of constant d-c voltage particularly suited 
to pulse loads such as computers and 


data-processing equipment. 
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As CONTROL SYSTEMS AND COMPONENTS have grown in- 
creasingly complex, reliability requirements have become 
correspondingly more rigid. For many types of electronic 
equipment a simple, reliable source of constant potential 
is a prime requisite of successful operation. Although 
many new varieties of constant-voltage “regulators” have 
been developed to meet this need, the static-magnetic 
regulator—with its basic simplicity, ruggedness and 
reliability—has attracted renewed interest,: particularly 
as a constant-potential d-c source. 

This article will discuss one type of static-magnetic 
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Basic Principles of Constant-Voltage Transformer Operation 
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With a conventional transform- 

er, voltage E, sets up magnetiz- 
ing current J, and resultant flux 
(arrow) links secondary winding to 
induce voltage E,. 
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placed in time; compensating wind- 
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regulator that has “proved out” in many computer and 
data-processing applications. Heart of this regulator is 
a specially modified form of “constant voltage trans- 
former” (evt) or “voltage stabilizer” specifically designed 
to utilize the reflected reactance characteristics of a par- 
ticular d-c filter circuit to provide an integrated system 
capable of supplying from several to several thousand 
watts of regulated power from a stable, compact source. 
This system. furthermore, requires no additional stages 
of electronic or magnetic amplifier control. 
The Constant Voltage Transformer 

All static-magnetic regulators achieve constancy of 
output voltage. in some measure, by operating an iron 


core near saturation. Further, in nearly all static-mag- 
netic designs it is an a-c voltage that is regulated (prior 
to rectification) and the regulated d-c voltage output can 
be thought of as an engineered byproduct of the a-c 
regulation.* 

A-C Performance. The suitability of a cvt for d-c 
regulation can thus be inferred from its a-c performance. 
Serving an a-c load, a properly designed cvt will: 

© provide +1 per cent regulation of rms output volt- 

age to a load of constant magnitude and power 
factor for input voltage variations of +15 per cent; 


shown in the article 


*This can be verified by the static-magnetic circuits 
Mamon, ELecrricat 


“Static D-C References for Closed-Loop Controls," M 
Manvuracturinc, January 1957, p 54 





CVT Steady-State A-C Performance 
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80 0 50 i00-~=—s:« 150 

Low power factor, per cent 
Lagging pf tends to cancel ca- 
pacitor action and a-c output 
voltage is reduced. 


200 250 
Rated load current, per cent 
8 Inherent current-limiting action 
of evt causes a-c output voltage 
collapse on overload. 


111 








D-C Regulator Circuit 
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R -bleeder resistor 


Basic circuit of cvt with full-wave germanium recti- 
fier bridge can be modified by additional capacitance 
for heavy transient applications, or chokes when ripple 


is critical. 


Steady-State D-C Performance 


C, - transformer tuning 


C2&C3-D-C filter capacitors 


10 Square-wave a-c voltage applied 
to rectifier bridge maximizes 
forward voltage without exceeding 
rectifier PIV ratings. 
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A-c input voltage 


1 1 Output voltage stability for varying 
input voltages for regulator rated 1 
125 volts d-c at 2.0 amp. 


pf 98.9 per cent. 


© provide load regulation of 1 to 2 per cent (depend- 
ing on size of unit) from no load to full load; 


restore output voltage to within +1 per cent nominal 
rms value in an average of 1% cycles for step 
changes of input voltage from minimum to maxi- 
mum, or vice versa; 


transform input voltage up or down, as with a con- 
ventional transformer, and electrically isolate the 
load. 

There is the additional advantage that a cvt contains 
only core iron, copper wire, and one or more capacitors. 
Reliability is achieved by simplicity; lack of moving parts 
minimizes need for maintenance. 

Limitations. Figures 1 to 6 show the basic principles 
of cvt regulation; i.e., drawing capacitive current to 
produce additional flux to keep the cvt secondary core 
magnetized to near saturation. Actual performance under 
operating condition is determined by the following: 


Type of Load. For resistance loads (unity pf) within 
load rating, effect of load current on total flux will be 
negligible and line regulation will be as stated above. 

However, there will be a slight drop in nominal out- 
put voltage from no load to full load, due to the regu- 
lation. as shown in the table. With inductive loads (lag- 
ging pf), line regulation will still be provided but nomi- 
nal output voltage will change with pf, Fig. 7. Leading 
pf similarly causes a voltage rise. These effects can be 
compensated for in units designed for specific pf loads. 


Overload. With excess load current the effect of the 
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D-c load current , amperes 


Load regulations te 120 per cent 
load at rated 
Full load efficiency 79.8 per cent; input 


| | | 
12 16 20 24 0 1.0 2.0 
D-c load current 


1 Overload characteristic. Output 
voltage collapse protects rectifier 
and limits inrush current to eold loads. 


, amperes 


(115 volts) input. 


capacitor is lost; secondary flux opposes primary flux 
to demagnetize secondary core leg and the output voltage 
collapses, as shown in Fig. 8, to limit the short-circuit 
current to 150-200 per cent of full loads. This inherent 
current-limiting action, however, serves to protect both 
the transformer and load from overload damage and 
limits inrush current to a cold load. 


Output Wave Shape. Because the secondary core leg 
operates near saturation, the output voltage will not be 
a true sine wave but will tend to be somewhat distorted. 


Frequency Sensitivity. Because capacitive reactance 
varies as frequency, the output voltage will too. Actual 
variation is linear over a +5 per cent change in fre- 
quency from 60 cycles—approximately 1.6 per cent volt- 
age increase for a 1 per cent frequency increase (without 
frequency compensation) . 


Efficiency. Because the regulation mechanism is ca- 
pacitive, losses are not much greater than for a conven- 
tional transformer. Full-load efficiencies are on the order 
of 80 to 90 per cent for the size units under considera- 
tion. 


Input Power Factor. At full load and rated input volt- 
age the leading reactive volt-amperes supplied to the ca- 
pacitor is largely offset by the lagging v-a of the core 
and the net input current is unity pf. 


Transient Responses. Limiting factor is the ratio of 
inductance to resistance (L/R) of the secondary core 
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leg. which 1s very low; hence, the time constant of the 
secondary is extremely short. 


The D-C Problem 


When the advent of digital and analog computers (and 
related equipment) established a growing need for low 
ripple, constant-voltage d-c sources capable of handling 
pulse loads. considerable effort was made to co-ordinate 
the evt design with suitable d-c circuitry to produce a 
power supply with d-c regulation equal to that of the 
original transformer. Several engineering problems had 
to be solved: 


e The peak a-c voltage had to be regulated rather 


than the rms. 
e A large storage resistance-free filter cir- 
cuit was necessary. 


capacity, 


e An efficient rectifier of minimum forward voltage 
drop was required. 


e Inrush current to a large capacity filter had to be 


limited to protect the rectifier and capacitors. 


The advent of telephone-grade electrolytic capacitors 
(etched aluminum foil construction) of extremely high 
capacitance was a major step forward as they: 


e reduced ripple to a low value without requiring 


chokes; 


e served as an immediate reservoir of energy to han- 
dle pulse loads and step changes: 


e provided additional reflected reactance to produce 
a nearly square a-c input wave and maintained the same 
shape dispute line and load variations. 


Germanium and silicon semiconductor rectifiers were 
an ideal conversion medium. Inherently rugged and re- 
liable. they were further protected by modifying the trans- 
former core structure to sharply limit maximum output 
current to approximately 150 per cent of rated. This 
latter development also provided automatic short circuit 
protection to the load. 

The simple circuit resulting from this combination of 
the components is shown in Fig. 9.* When C1, C2 and C3 
of Fig. 9 are properly balanced, the odd harmonics of 
the cvt output voltage are accentuated and an essen- 
tially square-wave a-c voltage (Fig. 10) is applied to 
the rectifiers, thus permitting a maximum forward volt- 
age without exceeding PIV rating. Further, a square 
wave has minimum ripple after rectification. (Where 
minimum ripple is critical, a small choke is added to 
form one or more zi sections. ) 

Regulator Performance. This basic system design 
of Fig. 9 has been developed into a commercial line of six 
ratings (ranging from 24 volts at 6.6 amp to 250 volts 
at 1.0 amp) to feed fixed loads at a constant d-c volt- 
age. All units have less than 1 per cent variation in d-c 
output voltage for a 20 per cent variation in a-c input 
voltage, load regulation better than 4 per cent from 
\% to full load, ripple of 0.8 per cent or less and full- 
load efficiencies between 72 and 82 per cent. 

Figures 11 to 16 are self-explanatory demonstrations of 
regulater performance under operating conditions. Oscil- 


*Basic design and modifications thereof are 


2,804,588 and 2,806,199 


covered by U. S. Patent Nos. 2,862,170, 
(Continued on page 270) 
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switched on and off. With 55-millisec interruption (top), 
maximum output drop is 80 volts; with 32-millisec interruption 
(bottom), maximum output drop is 70 volts. 
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Load: 4.0+ 4.0 impulse 
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16 Pulse load characteristic of 48-volt d-c, 4.0-amp unit. 
With 16,000 vf filter (top), output drops a maximum of 
10 volts, recovers in 70 millisec. With larger filter (bottom), 
performance is markedly improved. 





Further Progress in 


International “Rules” on Controlgear 


International Electrotechnical Commis- 
sion meetings in Stockholm this year 
moved closer to the letter-ballot stage for 
a document on circuit breakers; next 


year’s meeting will tackle contactors. 


G. W. HEUMANN* 


PROGRESS TOWARD the establishment of international 
“Rules”’ for controlgear was made at the 1958 meetings 
of the International Electrotechnical Commission held in 
Stockholm, Sweden, last July. A report on earlier IEC 
activities in this field appeared here last year. (1)? 

Subcommittee SC17B of IEC is charged with the re- 
sponsibility for controlgear and also for low-voltage 
switchgear. There was a question therefore at this year’s 
meeting whether the committee should concentrate its 
discussion on circuit breakers or on contactors so as to 
bring at least one of the respective documents closer to 
the letter-balloting stage. Majority preference was given 
to circuit breakers, hence no detailed discussion of the 
document on contactors took place. This work was de- 
ferred to the 1959 meeting of SC17B. 

Several general points settled in connection with the 
discussions on circuit breakers are also of significance 
to future work on contactors. 


Scope 

Ever since SC17B was established, there have been 
arguments on proper definitions of the scope of switch- 
gear and controlgear. From the beginning the United 
States delegation took the position that switchgear and 
controlgear are two separate subjects, one dealing pri- 
marily with power transmission and distribution. the 
other primarily with power utilization. Although other 
delegations started out with the idea that switchgear 
and control apparatus should be built according to the 
same rules, it soon became apparent that two separate 
documents should be developed to cover the two subjects. 

In previous meetings, members of the committee had 
stressed the similarity of clauses pertaining to circuit 
*Mr. Heumann is Senior Engineer, Control and Instrumentation Engineering, 
Irdustrial Engineering Section, General Electric Company, Apparatus Sales Divi- 
sion, Schenectady, N. Y., and a member of the United States National Delega- 
tion to IEC Technical Subcommittee SC17B on Low-Voltage Switchgear and 
Controlgear. 
TIEC “Rules” are not standards in the same sense as American Standards, AIEE 
Stardards, NEMA Standards and UL Standards. They have no legal standing 


and no enforcement mechanisms. IEC Rules are designed to be guides offered to 
Participating countries to help them develop their own national standards. 


fItalic numerals in parentheses refer to Cited References at end of article. 
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breakers and those pertaining to contactors. The trend 
was to make the two documents as much alike as possible. 
There was no clear-cut understanding of the basic dif- 
ferences between power distribution and power _ utiliza- 
tion apparatus, nor of the differences in economic re- 
quirements. This lack of understanding led to differences 
in design and application philosophy. 

During the Stockholm meeting, however. SC17B moved 
closer to the traditional U. S. concept and agreed that 
switchgear belongs in “distribution equipment,” and 
controlgear belongs in “power consuming equipment.” 
Rules for these two categories of apparatus will be 
developed independently: they will not be forced into 
a uniform pattern. 


Temperature Rises 

IEC has established insulation classes based on max- 
imum temperature. (2, 3) These classes and their nomi- 
nal temperatures are the same as those established in 
AIEE Standard No. 1, issue of June 1957. (4) The 
question was raised in the U. S. whether the classifica- 
tion temperatures are mandatory and must not be ex- 
ceeded when temperature rises over a stated ambient 
temperature are specified in an apparatus standard. The 
AIEE Standards Committee eventually clarified the intent 
of AIEE Standard No. 1. Individual apparatus standards 
may specify temperature rises resulting in total tempera- 
tures differing from the classification temperatures. (0) 

SC17B discussed the corresponding situation existing 
in regard to classification temperatures as given in IEC 
Publication 85. While temperature rises for circuit break- 
er operating coils were so chosen as to obtain total 
temperatures equal to the classification temperatures, 
temperature rises of contactor coils will permit higher 
total temperatures to be attained. 


Dielectric Tests 


Present draft of the rules for contactors calls for hi- 
pot tests at voltages higher than those used in the U. 5. 
While dielectric tests were not settled during the meeting 
of SC17B, the results of an inquiry sent by the Secretariat 
to various National Committees were made known. It 
appears that the majority of the countries favors the 
following test: 
1. To verify a design, a l-min application of a 
test voltage of 1500 plus twice normal volts. 

2. Minimum test voltage to be 2000 volts up to 
300-volt ratings, and 2500 volts up to 600- 
volt ratings. 

3. Routine hi-pot tests to consist of a 1-sec 

application of the above test voltages. 

At one time a “hygroscopic” hi-pot test was proposed 
for testing contactors under controlled moisture condi- 
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tions. Considerable objections developed against this test 
because of its complexity and expense. It now appears 
that this test will not be included in the final documents. 
The need for such a test has been made less urgent be- 
cause it was decided to re-introduce clearance and creep- 
age distances. 


Clearance and Creepage Distances 


The initial draft of the contactor document included 
a table of clearance and creepage distances. Because of 
the great divergence of practices now existing in various 
countries, it appeared impossible to gain agreement on 
such a table. An attempt was then made to base adequacy 
of design on dielectric tests. This proposal also failed 
to gain favor, and Switzerland moved to have a Working 
Group established to study clearances and creepages. 
It was hoped that a smaller group would have a better 
chance to resolve the differences of opinion. This Work- 
ing Group met in Stockholm. During the discussion the 
following attitudes of a majority of the countries repre- 
sented became apparent. 


1. Insulating materials are graded according to their 
tracking characteristics, and different creepage dis- 
tances are established for different classes of ma- 
terial. 


IEC Committee TC15 (Electrical Insulation) has 
established a standard method for classifying ma- 
terials by a “Comparative Tracking Index.” This 
index is the voltage below which tracking does not 
occur during a standardized testing procedure. 
Voltage is applied in steps between two electrodes. 
and a 0.1 per cent solution of ammonium chloride 
is added drop-wise between the electrodes at the 
rate of one drop per minute. At each voltage the 
drops are continued until failure by tracking oc- 
curs, or 50 min have elapsed. The number of drops 
to produce failure is measured at each voltage, and 
voltage is plotted vs “drops to failure.” The Com- 
parative Tracking Index is the voltage at which 
50 drops are required to produce a track. 


3. Several delegates presented evidence which indi- 
cates that the IEC test produces sufficiently signifi- 
cant differences between materials to make the 
Comparative Tracking Index a good index for 
classifying insulating materials. 


Several tentative proposals for creepage and clear- 
ance distances, based on practices existing in vari- 
ous countries, were presented. Proposed distances 
did not exceed those now listed in recognized U. S. 
standards for control apparatus. 


The above-described test for establishing a Compara- 
tive Tracking Index is being studied in the United States, 
but it has not found acceptance yet and has not been 
introduced in any U. S. standards. More work will have 
to be done before the value of this testing method for 
grading insulating materials becomes generally used in 
this country. 

It is too early to anticipate the proposal which the 
Working Group will develop. It can be expected, how- 
ever that a proposal will include classification of insul- 
ating materials. Numerical values of clearance and creep- 
age distances will probably not exceed those now listed 
in recognized U. S. standards for control apparatus. 
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Enclosures 


Time was insufficient for a detailed discussion of the 
proposal developed by the Working Group on enclosures. 
However, the broad scope of the enclosure specifications 
was discussed, and the following conclusions were 
reached: 


1. Specifications for enclosures will not be made an 
integral part of the “Rules” for circuit breakers 
and contactors. They will be considered a guide, 
and they will form an appendix. 


Purchasers and suppliers will be free to use enclo- 
sure definitions and recommended testing proce- 
dures at their discretion. 


Safety to personnel could be proven by probes. an 
inexpensive method that requires few implements 
and has no limitations in regard to enclosure size. 


Tests to prove tightness against entrance of solid 
and liquid matter, as well as tests for mechanical 
strength, involve elaborate testing equipment; prac- 
ticability of such tests for large enclosures is 
questionable. Hence, the size of the enclosure to 
which such tests could be applied will be limited. 


Additional work will have to be done by the Working 
Group to develop a proposal acceptable to SC17B. Since 
many breakers and contactors sold in Europe are subject 
to CEE* approval, the requirements of that organization 
will be considered in drafting IEC rules. SC17B felt that 
it would be desirable for IEC to develop enclosure rules 
which would be applicable to electrical apparatus in 
general. It was agreed to develop first a document ac- 
ceptable to SC17B, and then to submit that document 
to IEC with the request to have it expanded into an IEC 
publication of broader scope. 


Future Works 


The next meeting of Committee SC17B will be held in 
the Summer of 1959 at Madrid, Spain, in conjunction 
with the general meeting of the IEC. It is anticipated 
that a short discussion will suffice to clean up the remain- 
ing work on the circuit breaker document. The rest of 
the meeting will be devoted to a discussion of the con- 
tactor document which may bring it to the letter-ballot 
stage. 

An Experts’ Committee will meet in Paris, France, in 
the early Spring of 1959 to review comments received 
from the various National Committees and to prepare 
a draft taking these comments into account. Subsequent 
to the Experts’ meeting, the Working Groups on enclo- 
sures and on clearance and creepage distances will meet 
and prepare drafts of proposals covering their assigned 


O00 
areas. a 
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DESIGN TRENDS 


Component Design for 
Embedded Circuits— 
a British View 


H. G. MANSFIELD 
Royat Rapar EsTaBLisHMENT 
Malvern, England 


EVOLUTION OF COMPONENTS for em- 
bedded circuits has not materialized 
to any great degree, probably because 
of the limited application of the tech- 
nique. Only certain parts of a mis- 
sile or of an airborne electronic 
system are now embedded. This con- 
trasts with a rather rash start when 
it was thought that everything could 
be embedded or encapsulated to ex- 
clude moisture, provide shock resist- 
ance, etc. 

In fact, unless properly executed, 
cast-resin embedment only makes the 
resistance to moisture worse. This is 
because a partial seal lets water or 
water vapor in slowly and it needs 
about the same time to recover; on 
the other hand, a completely open 
unit will recover rapidly, particularly 
in the presence of a draft of air. Re- 
covery is assisted by using insulating 
materials such as silicone, TFE-fluoro- 
carbon and polyethylene, which have 
water-repellent properties. For exam- 
ple, the insulation resistance of glass- 
silicone laminates recovers so rapidly 
after immersion in water that it be- 
comes extremely difficult to measure. 

Special components could have been 
developed for embedded circuits, but 
the demand for them would be small 
compared with the other types. As it 
is, components developed to survive 
extreme climatic conditions are en- 
closed in casting resins, thus giving 
protection, but it is an interesting 
point that the best component when 
tested on its own against all condi- 
tions of climate may be the worst 
when embedded. 

In components intended for em- 
bedded circuits the usual final sealing 
operation would probably be omitted. 
This would create a difficult problem, 
since many items such as silver mica 
capacitors and high-value, high-stabil- 
ity resistors are extremely susceptible 
to water. Acceptance and approval 
tests would have to be carried out 
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Fig. 1—Effect of nickel content on mag- 
netostrictive properties of magnetic alloys. 


under controlled conditions. Delivery 
to equipment manufacturers would 
have to be made in sealed desiccated 
containers. 

From the equipment  designer’s 
viewpoint, it is a pity that such com- 
ponents are not available, as much 
space—and_ therefore weight—could 
be saved. Both of these factors are 
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of extreme importance when dealing 
with airborne equipment. As an exam- 
ple, the silver mica capacitor is 4% x 
14 x Ye in. as supplied. Fully sealed 
it is 34 x % x ‘Se in. A block of ten 
such components is 234 x 34 x 1% in., 
but if cast together from unsealed 
units this space could be reduced to 
14 x % x %& in. 


Component Failures Caused by 
Embedment 


As the formation of castings from 
one or liquids is a chemical 
process, it is too easy to attribute 
failure of electronic units to “chemi- 
cal action.” In the experience of the 
author this is rarely the cause; fail- 
ure is much more likely to be caused 
by misuse of the materials, by poor 
design of the assembly or of the com- 
ponents in it, or by a combination of 
both. Since (as already stated) little 
can be expected of a range of spe- 
cially developed components for em- 
bedment purposes, we must make the 
best use of those we have. 

Fortunately, with a knowledge of 
the mechanisms of failure, and by 
intelligent design. really sound units 
can be made—so sound that they resist 
all the usual tests, including vibration 
and shock. Instances are known where 
potted units have hit the ground with 
an estimated deceleration of 800 g, 
and only superficial damage has re- 
sulted—even the electron tubes have 
survived. Similar units. un-embedded. 
have been almost completely destroyed. 


more 


Design for Embedment 
Techniques 


It might be expected that many of 
the failures could be overcome by 
improvements in the casting materials 
—resins with low  exotherms, less 
shrinkage, lower thermal expansions 
and higher thermal conductivity, hard- 
eners with low vapor pressure, etc. 
but most of the difficulties can be 
overcome by good design, particularly 
by design with the casting process in 
mind. It is not good practice to design 
a unit, then discover that it must be 
climatic-, shock- and _vibration-proof, 
and at the last minute decide to em- 
ploy an embedment process. There is 
rarely enough room in such a circum- 
stance to put a thick enough coat on 
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Fig. 3—Examples of transformer construc- 


tion to avoid the effects of core com- 


pression. 


the unit so that it can survive freezing 
tests. 

There is no doubt at all that the use 
of an inorganic filler helps consider- 
ably to reduce the risk of failure. Such 
a filler expansion rate 
and increases the thermal conductivity, 
thus improving the behavior of the 
unit over a wide temperature range, 
in particular avoiding cracking at low 
temperatures. Unfortunately, the in- 
clusion of the filler allows the resin 
mixture to more water and 
introducing a discontinuity, 
degrades the electrical characteristics 

among other things, the electric 
strength is reduced. 

As far as the design of components 
is concerned, the smaller they are, 
the better. We may therefore expect 
that there will be less trouble with 
the transistorized circuit as it gener- 
ates less heat and can be made smaller. 

Reference has been made to tubes, 
but it is generally undesirable to in- 
clude these with the other components, 
if for no better reason than that the 
generated heat affects components in 
the vicinity. Resistors must be derated 
and capacitors, as is well known, are 
voltage-derated when hot. Another 
reason for omitting tubes is that they 
have low thermal expansion rates and 
are, of fragile and 
quently easily broken at low tempera- 
tures. 

The effect of embedment on_ the 
magnetic properties of materials is 
worth a study of its own but it will 
only be possible to summarize it here. 

It has long been known that when 
an inductor wound on a_nickel-iron 
subjected to compressional 
effects, its inductance is lowered. It 
has been found that the effect is at a 
maximum with an alloy of iron and 
nickel which possesses the maximum 
magnetostrictive movement and is at a 
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minimum with an alloy with zero ot 
little magnetostriction. 

Figure 1 shows the relationship 
between nickel content and magneto- 
strictive movement. It is seen that a 
50 per cent nickel content gives maxi- 
mum movement and 73 per cent the 
minimum. These are the alloys known 
as Radiometal (Ni 50 per cent, Fe 50 
per cent) and Mumetal (Ni 78 per 
cent, Fe 13 per cent, Cu 5 per cent, 
Mo 4 per cent). 

As the Radiometal 
sensitive to compressional stress, it is 


alloy is more 


reasonable to suppose that it is the 
suppression of the magnetostrictive 
movement that causes the trouble. 

Figure 2 shows this effect plotted 
over a temperature range from —65 
to +65 C; it will be seen that the 
effect is at its worst at low tempera- 
tures and becomes of little account as 
the resin becomes hot. This is because 
the resin becomes softer at elevated 
temperatures and thus allows the core 
to move. 

To overcome the effects of compres- 
sion and yet to gain all the advantages 
of embedment, including climatic pro- 
tection and the elimination of voids, 
two approaches to the problem can 
be made. First, it is often possible to 
keep the resin away 
either by sealing it off as in a toriod. 
where the 
is retained in a plastics container, or 
by embedding the alone and 
adding the core afterwards. This 
method can be applied more simply 
with the C-core type of unit rather 
than the stacked lamination type. If 
it is not possible to adopt either of 
these measures, a layer of material of 
low modulus can be interposed _be- 
tween the core and the resin. 

Examples of methods of construc- 
tion are shown in Fig. 3. That shown 
in (a) has been developed at the Royal 
Radar Establishment using a technique 
in which the material for shielding 
the core from the resin also acts as 
a cell which retains resin during 
vacuum impregnation and prevents 
“drain out.” The material is similar 
to that used in protecting glass tube 
envelopes; it is merely necessary to 
dip the inductor into the liquid, allow 
it to drain, and then set it either at 
room temperature or with externally 
applied heat. 

The protection of thin-film compo- 
nents such as metal film and cracked 
carbon resistors is a difficult problem, 
as these are high-stability components. 
The first, in particular, are satisfactory 
for use at high temperatures such as 
few insulating materials, with the ex- 
ception of silicones, will withstand. 
The silicones do not make good adhe- 
sives, and consequently there is a 
chance that water vapor will penetrate 
the coating; if it is a high-value re- 


from the core. 
“clockspring” type of core 


coils 


sistor with a fine pattern engraved on 
it, the surface film of water will alter 
its value. 

It is difficult to solve this sealing 
problem, although it has been sug- 
gested that if the resistors are thor- 
oughly dried the results from potting 
are very much better than otherwise. 
No evidence has yet been seen to 
support this argument. Alternatively, 
it may be possible to seal off the com- 
ponents in hermetically sealed con- 
tainers by the same method as capaci- 
tors are treated, in which case they 
can he embedded in the ordinary 
way. 000 


Static Element 
Temperature Control 


LOWER INITIAL EQUIPMENT costs, plus 
the advantages of closer control and 
lower maintenance costs, have been 
responsible for the recently increased 
popularity of static devices in the con- 
trol of small (1-20 kva) electric heat- 
ing devices. The absence of contactors, 
contactor wiring and auxiliary con- 
tactor panels makes possible the low 
first cost. In keeping with this trend, 
General Electric has developed a com- 
plete system (Type HP-35) consisting 
of a millivoltmeter proportional tem- 
perature controller, a new toroidal type 
of amplistat (magnetic amplifier), and 
the proper size of saturable reactor to 
control the heater current. 

The illustration shows a schematic 
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Electrical schematic diagram of propor- 
tional temperature control system using 
static elements. 
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diagram of the new system. A thermo- 
couple senses the temperature on the 
object whose heat is being controlled 
and provides a signal which is meas- 
ured by the millivoltmeter controller. 

The output of the millivoltmeter it- 
self is actually an a-c signal which is 
converted to d-c in a_phase-sensitive 
oscillator amplifier. This signal, which 
serves as the input to the amplistat, 
varies from 0 to 5 ma d-c. Its magni- 
tude is proportional to deviation of the 
indicated temperature from the set- 
point over a 0.5 to 7 per cent adjustable 
band width. 

In the amplistat, the output of the 
millivoltmeter controller is amplified 


tv a level high enough to serve as a 
control signal to a saturable-core re- 
actor. The amplistat combines a recti- 
fier and saturable core in a self-satur- 
ating circuit. It is energized with a 
120-volt a-c source which is rectified 
to provide the self-saturating feature 
as well as the d-c output of the ampli- 
fier. 

The amplistat has a bias adjustment 
(factory set) which is used to fix the 
maximum output signal. Since the out- 
put is the control signal to the satur- 
able reactor, the bias adjustment can 
serve as a current limit on the reactor; 
that is, the maximum load current the 
reactor will pass is determined by the 
magnitude of its control signal. This 
is a built-in safety feature which pre- 
vents the load current from running 
away. 


The saturable reactor is similar to 
the amplistat in that a large output is 
regulated by a small control signal. In 
this case, only the control signal satur- 
ates the core and the large output is 
the heater element’s a-c power source. 
Where small loads (500 watts) are 
being controlled, the saturable reactor 
may be eliminated and the amplistat 
may be used alone to supply the heater. 

A small panel voltmeter is connected 
across the output of the amplistat to 
give an indication of the amount of 
power being delivered to the heaters. 

The static element temperature con- 
trol has applications in the control of 
plastics extrusion machinery, glass fi- 
ber extrusion equipment, small labora- 
tory ovens, salt pots, creep and rupture 
test furnaces, non-metallic heating ele- 
ments, and autoclaves. OOO 





Fig. 1—Basic barium titanate transducer 
used in Sonogen ultrasonic cleaning 
equipment (Branson Ultrasonic Corp., 
Stamford, Conn.) 


Fig. 2—Internal view of 125-watt trans- 


ducer with 12 ceramic elements. 
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Basic Ultrasonic 
Transducer Unit 
is Versatile 

in Application 


THE CLEANING OF DELICATE PARTS or of 
complex shapes is one of the principle 
present uses of ultrasonic energy, and 
one that is receiving such widespread 
that the design of the 
equipment for the purpose and the 
development of the art of ultrasonic 
cleaning has been progressing rapidly. 
Efficient use of the method depends 
upon proper application and the use of 
especially developed equipment. 

For cleaning, ceramic transducers 
have significant advantages. The prop- 
erty of changing shape when an elec- 
tric potential is applied, the piezoelec- 
tric effect, is exhibited by various 
materials. To provide efficient transfer 
of acoustic energy into a_ cleaning 
large transducer radiating 
areas are necessary since small areas 
require high amplitudes for a given 
energy transmission and these tend to 
produce excessive cavitation and ero- 
sion at the transducer face. Quartz 
crystals have many of the desired qual- 
ities, but their use in ultrasonic clean- 
ing has been limited by high operating 
voltage requirements, the difficulty of 
obtaining large crystals and high cost. 
Magnetostrictive transducers, when 
properly designed, withstand tempera- 
tures well but are most suitable where 
large forces are to be applied to small 
areas as in ultrasonic welding, solder- 
ing and drilling. 

The basic transducer employed in 
the Branson equipment, Fig. 1, is syn- 
thetically produced of barium titanate. 


acceptance 


solution, 


This material is readily formed during 
manufacture into the most efficient 
shapes to provide relatively large ra- 
areas, and it has a_ high 
electrical-to-mechanical conversion ef- 
ficiency. The barium titanate elements 
are coupled to the inside of the 
hermetically sealed stainless _ steel 
housing by the use of a specially de- 
veloped adhesive, the number of basic 
individual transducer 

housing being determined by the 
power requirements. Figure 2 is an 
internal view of a 12-unit, 125-watt 
transducer. The transducer units may 
then be combined in the cleaning tank 
for the necessary power and located 
for highest efficiency, Fig. 3. The unit 
construction of the transducers per- 
mits a high degree of flexibility in 
application. For instance, for especially 
stubborn cleaning problems, a_ tank 
such as that shown diagramatically in 
Fig. 4 was developed. In this, the 
energy developed by a number of 
transducer units is focused to a limited 
region in the cleaning tank, producing 
a high concentration of cleaning power 
required for some purposes. 

High-energy sound waves can _ be 
generated over a wide frequency range, 
but for cleaning the optimal frequency 
range is in the region of 38,000 cycles 
per second, which is the normal fre- 
quency used in the Branson equipment. 
The generators employ _ electronic 
pulsed oscillators, Fig. 5, and are 
made in a variety of sizes for different 
power requirements, from 65 to 3000 
watts average. Combination of gener- 
ators are used for higher power re- 
quirements. 

The unit transducer in combination 
with the wide range of available gen- 
erators permits ready development of 
special cleaning equipment for par- 


diating 


units in one 
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REGULATIO 
and STABILI 


+. VOLTAGE REGULATED 
POWER SUPPLIES 


for the most complete line of POWER SUPPLIES 





Model SC-18-2-M 





OUTPUT | OUTPUT | OUTPUT SIZE 
MODEL VOLTS |AMPERES|IMPEDANCE 
oc- 


1KC- 
oc oc 1KC 100KC H D 


SC-18-0.5 0-18 0-0.5}.04 | 4 4°" | 1356" 
SC-18-1 0-18 Ol [a2] 2 4%" | 1356” 
SC-18-2 0-18 0-2 |.01] .1 4%," | 1356” 
SC-18-4 0-18 0-4 |.005) . 342” | 13" 
S$C-36-0.5 0-36 OS} . 4%2"| 1356” 
SC- 36-1 0-36 04] . 4%," | 1358" 
SC- 36-2 0-36 mel. 3¥2”|13" 
S$C-3672-0.5| 36-72 0 12: 4542"| 1356" 
$C-3672-1 36-72 wet. 3%") 13” 














*Two units mounted in 
Rack Adapter RA-2 









































Patent Pending 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


REGULATION: 0.1% for line changes 105-125 volts 
at any output voltage in the range minimum to maxi- 
mum. 


0.1% or 0.003 volt for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum. 


RIPPLE: 1 mv. RMS. 
RECOVERY TIME: 50 microseconds. 


STABILITY: (for 8 hours) 0.1% or 0.003 volt (which- 
ever is greater). 


AMBIENT OPERATING TEMPERATURE: 50°C maximum. 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit. 


TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C. 


SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. Ideal for lighting 
lamps and charging capacitive loads. 


OVER-CURRENT CONTROL: Can be set from 0 to 


120% of full load. Current is limited to preset value 
for any load including short circuit. 


KEPCO 


Model SC-18-4-M 


@ REMOTE PROGRAMMING at 1000 ohms per volt is 
provided. Remote programming allows mounting a 
voltage control at a remote point. 


REMOTE ERROR SIGNAL SENSING is provided to 
maintain stated regulation directly at load. 


CONSTANT CURRENT OPERATION: These units can 
be set up for constant current operation without in- 
ternal modification. 


POWER REQUIREMENTS: 105-125 volts, 50-65 cycles. 
400 cycle units available. 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC termi- 
nals, the remote programming terminals and the re- 
mote error signal sensing terminals are brought out 
at the rear of the unit. 


CONTROLS: Power-on-off switch, one turn voltage con- 
trol, on front panel. Over-current control on rear of 
unit. Ten turn voltage contro! available on special 
order. 


Continuously Variable Output Voltage. No voltage 
switching. 

Suitable for square wave pulsed loading. 

Either positive or negative can be grounded. 


High efficiency @ Low heat dissipation. 
Compact, light weight & For bench or rack use. 
® Color: Gray hammertone. (Special finishes available). 


8 
& 
a 
@ Units can be series connected. 
2 
Ht 


ORDERING INFORMATION: 

Units without meters use model numbers indicated in 
table. To include meters add M to the Model No. (e.g. 
SC-18-1-M). 

*Rack adapter for mounting any two 84%” x 4%,” units is 
available. Model No. RA2 is 5%” high 19” wide. 
“Rack adapter for mounting any one 8%” x 4%,” unit is 
available. Model No. RA3 is 5%” high 19” wide. 


LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1.7000 


AN 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 
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ticular purposes. For the cleaning of 
parts and subassemblies of miniature 
relays, instance, the ultrasonic 
energy is transmitted through the wali 
of a glass beaker containing a suitable 
solvent, Fig. 6. Small parts may be 
immersed for rapid and efficient clean- 
ing by the of miniature baskets 
or tongs. 

The 


quency 


for 


use 


variation in the resonant fre- 
of a quartz crystal resulting 
from the presence of soil or contami- 
nant has used to demonstrate 
vividly the effectiveness of ultrasonic 
cleaning. The resonant frequency of a 
crystal is inversely proportional to its 
thickness. For instance, if there is soil 
or contaminant only 114 millionths of 
an inch thick on a 25 me crystal, the 
resonant frequency will 
24.975 cycles, assuming the constant 
for soil to be the same as that for the 
crystal. Since it is possible to measure 
resonant frequency to within a single 
cycle, it should be possible theoreti- 
cally to detect a layer of dirt 
0.0000000001 in. thick. In an experi- 
ment, quartz crystals were immersed 
in a Branson ultrasonic bath for 5, 10, 
15 and 20 sec and so on, and resonant 


been 


change by 


Fig. 


Fig. 3—Branson Ultrasonic Corp. I-kw generator and stainless steel tank with 8 


transducers mounted 4 on each side. 


frequency measured after each immer- 
sion. The Fig. 7, 
indicate the effectiveness and rapidity 
of the cleaning method. 2 2 SS 


results, shown in 


5—Circuit of generator used in ultrasonic cleaning. 


























Oscillator coil 

















frequency, cps 


Increase in 


Fig. 





Amperex 
Ax990! 





4 | 1 ! 
° 60 120 


Immersion in cleaning equipment , sec 
(cold tap water in tank) 
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7—Results of cleaning tests on 


quartz crystals. 
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Fig. 4—Transducer focusing arrangement 
for obtaining high intensities of energy 
concentration for difficult cleaning appli- 
cations. 


Fig. 6—Application of ultrasonic clean- 
ing equipment to small parts. Thin strips 
of relay contact material are immersed 
in solvent contained in glass beaker ex- 
posed to ultrasonic energy. 
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mira GUARDIAN 
ON-OFF LATCHING RELAYS 
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Design Engineers are highly enthusiastic about the positive impulse control 
performance of this ON-OFF Latching Relay by Guardian. It is ideally suited 
to positioning devices, T-V remote controls, appliances, lighting controls and 
applications requiring positive ON-OFF impulse control. Special armature 
toggle spring reverses position of cam actuator either to open, close, or transfer 
the snap-action switch. Unit utilizes power only on impulse or coil energiza- 
tion. Replaces costlier ratchet relays, conserves power, saves space, cuts 


costs, increases the salability of your product. 


Thousands of Variations in Guardian’s Complete Stepper Line 


m, - ~— Somes 


Sas 
sh. 
ice 


> i 4 j 
M.E.R. P.Cc. 2. 3 
ELECTRICAL RESET ELECTRICAL RESET M-120 R.A.S. 


CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
STEPPER MIDGET STEPPER STEPPER MIDGET STEPPER STEPPER 


CUnrile tor details on Guardian's ON-OFF Relay and for Stepper Bulletin P-84 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1627-P W. WALNUT STREET, CHICAGO i2, ILLINOIS. 
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Clutch Type Servo 
for Prepositioning 
Control 


THE REMOTE PRE-SETTING of a machine 
tool, conveyor system, or any other 
of a variety of work-positioning devices 
can be accomplished by a “machine 
management” system developed by Sen- 
eca Falls Machine Co., Seneca Falls, 
N. Y. Machine set-up time can be sub- 
stantially reduced by the use of the 
pre-setting feature, thus making the 
system particularly desirable for short- 
run production operations. 

In the accompanying figure the sys- 
tem is shown applied to a lathe 
application. The machine management 
system controls both carriage and cross- 
feed slide position from panel dials 
which are calibrated in thousandths of 
an inch for carriage travel and in spe- 
cific diameters rather than radii for the 
cross feed. 
position is controlled by 
automatic comparison of two precision 
potentiometers. One of these is located 
at the control panel and its output volt- 
age is determined by the dial setting 
for carriage travel. The second poten- 
tiometer, which is immersed in oil, is 
mounted on the carriage itself and its 
output is determined by the position of 


Carriage 





Manual dials 


js" position 
2) rovia to feed 
Gx) Eve cut 
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Servo system controlling lathe operation with pre-selector machine management system. 


the carriage. The difference between 
the two potentiometer outputs is used 
as an error signal in the closed-loop 
servo system. 

The error signal is amplified in the 
“transistor controller” and is used to 
energize a phase-sensitive clutch which 
transmits mechanical power to the work 
to be positioned. If the error signal is 
of one phase, the work is advanced; if 
it is of the other phase, the work is 
reversed. When the difference between 
the two potentiometer voltages is zero, 
the clutch receives no signal, and the 
carriage comes to a stop. The system 


provides for rapid traverse approach 
over most of the distance with an auto- 
matic switch to a slower feed rate for 
final positioning of the carriage. 
Cross-feed slide position is controlled 
by essentially the same principle as 
carriage position. One potentiometer is 
coupled to the slide itself and its volt- 
age is compared to the second, which 
is manually set to the desired diameter. 
The system may be expanded by the 
use of several manually set dials which 
can be used to control one after the 
other successive “passes” of one opera- 


tion. 





Transistorized 


Anti-Skid Brake System 
for Aircraft 


E. J. RUOF, Electronics Engineer 
Wheel & Brake Development 
GoopyEaR AIRCRAFT Corp. 
Akron, Ohio 


IN BRAKING MANY OF THE modern types 
of aircraft it is difficult for the pilot to 
determine by “feel” when he has ap- 
plied enough pressure to cause a tire 
to skid. A skid usually results in either 
a flat spot on the tire or a blowout, 
which is dangerous as well as costly. 
Hence anti-skid devices have been un- 
der study for some years. 

Essentially, all anti-skid devices 
should take advantage of the character- 
istic manner in which an over-braked 
tire goes into a skid, exhibited as a sud- 
den drop in wheel speed not necessarily 
accompanied by an increase in brake 
pressure. The rate at which wheel speed 
then degenerates toward a complete 
lock-up depends upon many factors in- 
cluding load, run-way condition, and 


122 


the amount of brake pressure being 
applied in excess of that necessary to 
bring on a skid. But in all cases, once a 
tire has reached this point of sudden 
drop in wheel speed, a lock-up is in- 


Control 


evitable unless there is immediate and 
substantial reduction in brake pressure. 

With the anti-skid system devised by 
Goodyear, the needed corrective action 
occurs whenever the rate of wheel de- 
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Solenoid 
valve 




















Schematic diagram of basic wheel-skid control system. 
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The engineer above points out dice-sized magnetic elements which count turns of the 
winder without moving parts or vacuum tube counting circuits. With the inherent speed 
and durability of magnetics, this controller offers three major production advantages: 


UNIQUE LONG-TERM TROUBLEFREE SERVICE 
Magnetic elements never wear out. A typical production 
controller has wound coils for two years without a single 
breakdown, 


ONE-TURN TOLERANCE AT TOP WINDING SPEEDS 
Allows any winder to turn at top speed until coil is almost 
complete, then slows bobbin for an automatic stop at an 
exact point. 


Beckman’: 


DECEMBER 1958 


FAST ERROR-FREE SET-UP. With no overrun, trial windings 
are unnecessary to determine control settings. Operator sets 
two switches: one to total number of turns, the second to a 
slowing point at 90 to 95% of total. 


IF YOU SEEK THESE ADVANTAGES, learn more about low 
cost 5800 Series controllers. Upon request we will send you 
a detailed technical bulletin describing available controllers 
and giving details of installation and operation. 


Berkeley Division 
A Division of Beckman Instruments, Inc. 
2200 Wright Avenue, Richmond, California 
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celeration exceeds a predetermined val- 
ue, usually about 100 ft/sec/sec at tire 
periphery. Unless the landing speed is 
comparatively low, the corrective action 
will occur so fast that the wheel speed 
will not degenerate into a lock-up; and 
even at low speeds the lock-up, should 
it occur, is of such short duration that 
no marks are left on the tires. 

The basic principle of the Goodyear 
device involves charging a capacitor to 
a voltage proportional to the speed of 
the wheel and using the discharge to 
relieve braking when the charging volt- 
age falls off due to approaching wheel 
lock-up. The capacitor charge is usually 
produced by a d-c generator driven by 
the wheel, although an a-c generator 
and a rectifier might do as well. The 
generator thus delivers a voltage di- 
rectly proportional to the wheel speed. 
During normal aircraft deceleration, 
the capacitor voltage is allowed to fol- 
low the decreasing generator voltage 
closely. Should a skid occur, the gen- 
erator voltage drops sharply with the 
wheel speed while the capacitor voltage 
falls much more slowly. When the diff- 
erence between the two voltages reaches 
a predetermined amount, a solenoid-op- 
erated hydraulic valve dumps the brake 
pressure and the wheel regains a non- 
slip condition. As this non-slip condi- 
tion is approached, the generator volt- 
age builds up again. When it equals the 
capacitor voltage, the hydraulic valve 
allows brake pressure to be reapplied. 
If the pressure still exceeds that which 
would bring on a skid, the cycle is 
repeated. 

In the schematic diagrams, diode 
CRI provides a low-resistance charge 
path for the reference capacitor C2, 
so that at wheel torchdown it will 
quickly charge to the voltage of the 
generator. This capacitor has three dis- 
charge paths, namely, RJ, R4, and the 
R2-R3-Q1 network. Resistor R4 is a 


comparatively low resistance which 


allows C2 to follow the generator volt- 
age closely during normal braking ac- 
tion. When an incipient skid causes the 
generator voltage to drop, part of the 
discharge current from C2 goes to the 
base of transistor Q/, where it is ampli- 
fied and sent to the base of Q2. This 
second transistor performs a switching 
function, operating relay KJ from its 
24-volt supply and energizing the sole- 
noid valve. The pressure line to the 
brake is blocked and brake fluid is 
dumped into the return line. 

Very soon after the solenoid valve is 
energized, the wheel will tend to re- 
cover its normal speed and the gener- 
ator voltage will increase. At the in- 
stant it equals the voltage remaining 
on capacitor C2, capacitor discharge 
ceases, K/] is deenergized and the sole- 
noid valve restores brake pressure. As 
the wheel recovers full speed, the gen- 
erator replenishes the charge of C2 so 
that if the pilot is still applying enough 
pressure to cause a skid, the system 
will be ready for another anti-skid 
cycle. Normal delays in pressure build- 
up within the brake will allow the 
wheel to recover full speed even though 
pressure is reapplied by the valve 
slightly before full speed is reached 
by the wheel. 

The minimum rate of wheel decelera- 
tion at which relay K] becomes ener- 
gized is established by R4. While K/ 
is energized, R4 is removed from the 
circuit and C2 can then discharge only 
through RJ and the R2-R3-Q] network, 
which are much higher resistance paths 
than was R4. These higher resistance 
paths result in a much slower rate of 
discharge for C2 during the time that 
K]1 is energized. 

Capacitor Cl acts as a filter which 
prevents normal generator hash and 
ripple from triggering the circuit into 
spurious operation. Potentiometer R6 
is a calibration adjustment used to 
compensate for the normal scatter in 
the characteristics of the components, 
especially the transistors. It permits 
adjustment of the control boxes to a 


Anti-skid components consist of valve (left), d-c generator and control box. 
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predetermined standard for a_ given 
type of aircraft. 

This system is equally suitable as a 
skid-warning system. In this aspect the 
solenoid valve is replaced by a “foot 
thumper.” It consists of a little plunger 
mounted on the pedal in such a way 
that the sole of the pilot’s shoe is given 
a vigorous vibratory thump at a rate 
of about 250 cps whenever the system 
detects a skid. 

Pilots using the device have been 
enthusiastic about their ability to avoid 
flat spots and blowouts. In almost all 
cases they have surprised themselves 
by their fast and positive reactions to 
the skid signals. It allows them to re- 
tain complete control of braking, and 
yet gives adequate warning of a skid 
so that they can “feel out” the optimum 
brake pressure for the quickest stop 
when needed. 

Other features are simplicity, small 
size, and light weight. The generator, 
for instance, is only 0.875 in. in diam 
and 3.312 in. in overall length. The 
photograph shows the relative sizes of 
the components of an antiskid system 
The total weight of the components for 
installation in a two-wheeled aircraft 


is approximately 3.9 lb OOC 


Constant-Force 


Compression Springs 
Give Smooth Actuation 


IMPROVED OPERATION and simpler as- 
sembly are the results of using two 
constant-force compression springs as 
carriage return springs in the IBM 
370 Printer, one of the output units 
of the IBM 305 RAMAC data process- 
ing system. The two springs, which pro- 
vide a constant-force output at all de- 
flections, have replaced conventional 
clocksprings to return the machine’s 
printing mechanism to the starting po- 
sition upon completion of every printed 
line. 

As shown in the illustration, the two 
springs, called “Flex’ators” by their 
manufacturer, the Hunter Spring Co., 
Lansdale, Pa., are mounted between 
the travelling half-speed unit and sta- 
tionary frame. Basically they are close- 
wound coil springs with high initial 
tension, mounted off center, in compres- 
sion. Note that the end loops of the 
springs’ arms may rotate freely in a 
vertical plane. This allows the springs 
to flex during deflection and gives them 
their constant-force characteristic. 

When printing. the main drive pulley, 
powered by a 14-hp motor, winds up 
the main drive tape and pulls the print 
element carriage and half-speed unit 
from left to right, compressing the two 
carriage return springs. At the end of 
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HERE’S WHY.. 


ROYAL ELECTRIC TYPE- 
WRITERS. ‘‘Bodine Motors 
were selected because of 
their convenient, compact 
size; quietness; and effi- 
cient operation which turns 
out a true rated power. 
Reliability, of course, was 
our first consideration."”’ — 
Royal Typewriter Division, 
Royal McBee Corporation. 


JOHNSON AUTOMATIC 
COIN COUNTERS. ‘‘We re- 
quired a small, powerful 
motor for our coin coun- 
ters .. and were ableto 
obtain a motor that fitted 
our needs from Bodine’s 
wide selection. We have 
used Bodine Motors for 
over 13 years, and find 
them to be extremely re- 
liable."’ —Johnson Fare 
Box Company. 


Leading business machine manufacturers 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet these require- 
ments without excessive 
temperature rise . . and 
they're exceptional for re- 
liability and performance.” 
—B. H. Tingley, develop- 
ment engineer. 


REX-O-GRAPH DUPLICA- 
TORS. ‘We tested all in- 
duction type motors. 
Bodine was the only one 
that met our requirements 
in starting torque, weight, 
breakdown torque, size, and 
reduction gear dimensions. 
Service on this motor has 
been almost nil.’’"—General 
Binding Corp. 


New model business machine motor! 


Ask for a copy of newly published Technical 
Bulletin #1034. It tells the story of Bodine’s 
newest model business machine motor . . 
the FSE-23. It’s only 256" high . . weighs 
only 1 pound, 11 ounces . . packs plenty of 
power. And it’s rectangular in shape . . fits 
into minimum space. Send your request to 
Bodine Electric Company, 2506 W. Bradley 
Place, Chicago 18, Illinois. 
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HEDMAN CHECK WRITERS. 
“We require motors that 
are small, quiet, sturdy, 
long lasting, trouble free, 
and supply the high torque 
needed. We've used Bodine 
Motors for 36 years . . 
their engineers are always 
willing to help with our 
motor problems.’’ —C. W. 
Johnson, vice president. 


BRUNING COPYING MA. 
CHINES. ‘‘The only reason 
we buy Bodine Motors is 
that we could not buy a 
product of equal quality 
elsewhere.’ —John P 
Arndt, works manager, 
Chicago factory. 


Other applications for Bodine Motors. 


FR © BD) | N Ee vending machines, instruments, 


dgelailelitel| 


communication equipment, sound 
recorders, automatic scales, respi- 


horsepower rators, voltage regulators, X-ray 


timers, traffic signal timers, stirrers, 


M CF a i a sanders, letter openers, envelope 
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sealers .. plus many, many other 
applications. 


...the power behind the leading products 
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the stroke a clutch between the motor 
and the main drive pulley disengages 
and the Flex’ator springs return the 
half-speed unit, the print element car- 
riage and hammer unit to the starting 
position through the drive tape. 

Total travel of the print element car- 
riage is 8 in. In travelling across the 
paper the half-speed unit has only 4- 
in. travel. This reduction in motion is 
accomplished by passing the drive tape 
over a simple pulley mounted on the 
haif-speed unit before anchoring it to 
the stationary frame. 

Each Flex’ator spring exerts 11 lb 
throughout its 4-in. deflection. Lack of 
spring force build-up toward the end 
of printing stroke prevents possible 
overloading of the drive pulley motor 
and excessive acceleration during the 
return stroke. In addition, because of 
their design, the springs are easier and 
safer to handle during assembly than 
the clocksprings previously used. 

In operation, paper travel in the 
printer is upward, one or more lines 
at a time, as determined by a punched- 
tape paper drive control. It is stored 


< 


lo 
was i 
tab " \" ah} 


ie 


Pulley alm Half speed uni 


Interior of IBM 370 Printer. Print element carriage and half-speed unit are shown 
in starting position with Flex’ator return springs at maximum installed length. Dotted 


lines show paper path. 


in continuous accordion-pleated form 
in the bottom of the unit. 

Type characters are arranged on an 
octagon-shaped print element. The cor- 
rect character is indexed by a rotary 
drive control tape and by a horizontal 


drive control tape. A hammer unit, 
mounted behind the paper, drives the 
paper against a_ typewriter ribbon 
backed up by the selected character 
on the print element to make the im- 


pression on the paper. ° 





Clutch System 
Offers Inherent 


Control Torque Limiting 


JET ENGINE FUEL CONTROLS must be 
periodically adjusted on the ground 
to assure maximum performance. The 
idle adjustment, for instance, must be 
set to prevent flame-out at reduced 
throttle settings, and maximum power 
settings must also be made. Engine 


Fig. 1 


noise and physical hazard make di- 
rect manual adjustments extremely ob- 
jectionable, and they also tend to be 
inaccurate. Lear, Inc., together with 
Pratt and Whitney Aircraft, has de- 
veloped a remote trimmer system that 
permits one man to perform the en- 
tire operation from the cockpit, at a 
safe distance from the operating en- 
gine. The system uses a_ reversible 
servo actuator, Fig. 1, connected to a 
control box operated in the cockpit 
where engine instruments are in full 
view. The servo is coupled to the fuel 
control by an adapter that is specif- 


Control box (below) and servo actuator (right) for fuel 
trimmer. Lear, Inc., Grand Rapids, Mich. 


ically engineered for each application. 

The actuator unit uses a single 26- 
volt d-c motor (with split-series wind- 
operation and 


ings for reversible 


equipped with an_ electromagnetic 
brake) driving a series of Lear mag- 
netic particle clutches, Fig. 2. The 
high-response clutches provide a sim- 
ple and reliable method of power 
transmission control in addition to a 
smooth and chatter-free method of 
torque limiting. Linkages and_ other 
elements of some fuel controls would 
not withstand the torques required to 


operate other controls, making torque- 
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When specifying aluminum for your product... 


REFRIGERATOR 
PARTS 








CLOCKS 


CABLE WRAP 


Remembet... 
Every mdustry has one member 
5 pecal izes mn customer sa tisfaction 


All Anaconda Aluminum Coiled Sheet is custom-rolled to your 

exacting specifications. In order after order, uniformity of 

temper is maintained by our precise production control. Mod- 

ern rolling mills with X-ray gauge controls provide you uni- 

form thicknesses and consistent yield per pound. Workability, 

even on deep draws, is assured by control of grain size. On 

narrowest widths, high-speed slitters cut exact widths with 

precision edges. Our line includes gauges from .006”’ to .064”’; A 

widths from *<” to 54’; alloys: 1100, 1145, 3003, 3004, 5005, NACO N DA 
5050, 5052, 5357. And watch for an expanding line of aluminum 


wrought mill products. 


ry 
Anaconda Aluminum Foil is also custom-rolled to the same high LU M { N U M 
standards of quality. It is available for a wide range of manu- 
facturing applications in gauges from .00023”’ to .0059’’, in ° 
widths to 54’’. Made by Cochran Foil Corporation 
To take advantage of our modern plant flexibility and cus- OE. 
tom production policy, call our nearest District Sales Office a a a eee 
or contact us direct. Write for the new booklet, ‘‘Anaconda 
Aluminum Coiled Sheet’’, Dept. E-12,1430 S. 13th St., Louis- 
ville 10, Kentucky. 
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DESIGN TRENDS 





limiting flexibility a necessity for the 
remote control 

Each of 
solenoid winding and a magnetic cir- 
cuit through the core, in which there 
is a narrow gap, Fig. 3. This gap is 
partially filled with magnetic particles. 
The output drive member consists of 
a thin “drive disk” on the output 
shaft, the rim of which rotates freely 
in the air gap when the clutch is not 
energized. When the windings are 
energized by way of slip rings, the 
magnetic particles are foreed to align 
radially, eliminating the air gap. As 
more particles are gathered, the drive 
disk, magnetic particles and the core 
tend to engage in a bonded mass, and 
torque is transmitted to the output 
shaft. Because the drive disk is the 
only rotating member on the output 
shaft, inertia is minimized, allowing 
fast response and accuracy of posi- 
tioning with a minimum of overtravel. 
A typical clutch torque-voltage charac- 
teristic is shown in Fig. 4. 

The moto: pinion drives a planetary 
gear reduction to three magnetic- 
particle clutches. Each of the clutches 


system. 
the clutches consists of a 


Output pinion 3 


Mounting flange 


Fig. 3—Magnetic particle clutch as used 
in fuel-trimmer actuator. Lear, Inc. 
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Fig. 4—Magnetic clutch characteristic. 
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Magnetic - power 


clutch device 


clutch curren’ __—— 
——— a a al 

: Pranevary 9°°° 
reduction © 


Fuel control 
| sequence switch 
assembly 


— 
—_— 


Oe al 


— = 1 Rotary 
actuator 
| servo 


Adjustment 
selection switch 


Fig. 2—Functional diagram, remote fuel-trimmer power assembly. 


drives a secondary reduction planetary 
gear with two stages, geared by an 
idler to an individual output shaft. 
Various special adapters are used to 
couple the output shafts to the engine 
fuel controls for the idle, full (mili- 
tary) power and water injection ad- 
justments. 

The control box incorporates pro- 
gramming switches to provide the nec- 
essary circuits for proper rotation of 
the fuel control adjustments with a 
single switch. Two groups of switches 
are used: one to select the sequence 
of trimmer operation for a_ specific 
fuel control, and the other to select 
any one of the operations in trimming. 
A resistor may be easily added in the 
clutch control circuit to limit output 
torque in any position of the sequence 
selector knob. A 26-volt d-c power 
supply, to be provided, leads to the 
“Trim” switch. This switch is a momen- 
tary-contact, center-off, three-position 
toggle unit which a master 
switch as circuit control. 
A set of performance characteristics 


acts as 
well as a 
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Fig. 5—Performance characteristics, fuel- 
trimmer actuator. 


for the complete control unit is shown 
in Fig. 5. eR oe: 


New Stress-Relieved 
Tempers Adopted 
for Aluminum Alloys 


THe ALUMINUM AsSOCIATION has as- 
signed a new series of temper designa- 
tions to selected aluminum mill prod- 
ucts that have received  stress-relief 
treatments. 

Most of the larger-size 
aluminum products being produced to- 
day are extensively machined to make 
large-sized parts. Warpage of these 
parts during machining is minimized 
by using wrought stock that has been 
stress-relieved. Such processes include 


wrought 


stretching or compressing. 

The new temper series designations. 
which apply only to the heat-treatable 
aluminum alloys, are composed of three 
digits following the letter -T, such as 
-T351. -T951, and -T651. The digit in 
the first position indicates the basic 
temper. The second digit, 5, arbitrarily 
assigned, is the key digit denoting that 
the material has received a stress-relief 
treatment. The digit in the third or last 
place indicates the method of stress 
relief. 

These new Aluminum 
temper designations will simplify the 
identification of material heretofore 
cumbersomely referred to and often 
stenciled as “‘stress-relieved,” “stretcher 
stress relieved,” “stress relief stretch- 
ed,” etc. OOO 


Association 
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LIQUID EPOXY RESINS 


VISCOSITY (CPS) 


COLOR (GARDNER) 


EPOXIDE 
EQUIVALENT WEIGHT 


Availoble in drums, truckl wie tated 


Try Dow — the basic sour 2eemasins.* Coll the 


This hand-poured casting was not evacuated to remove bubbles. 











See for yourself the clarity of new Dow Epoxy! 


This unretouched photo demonstrates how easy it is to see 
through several inches of Dow Epoxy Resin 332—and thus 
how easy it is to visually inspect parts which are encapsu- 
lated in D. E. R. 332 

But a perfect inspection “window” is not the only advantage 
you get when you use D. E. R. 332 for encapsulation. Com- 
pared to ordinary epoxies, the high purity of D. E. R. 332 
makes possible more uniformity, lower viscosity, longer 
pot life and greater heat resistance. Of special interest also 
for electrical applications, D. E. R. 332 and D. E. R. 331 
are very low in total and hydrolyzable chlorides. 


D. E. R. 331 is a standard unmodified resin designed for 
customary applications and D. E. R. 334 is a modified low- 
viscosity resin especially suited for laminating. 

All three of these Dow Liquid Epoxy Resins are available 
for prompt delivery to you in drums, truck or tank car lots. 
For complete information on Dow liquid and solid epoxies 
and epoxy novolaks, call your 

nearest Dow sales office. Or 

write THE DOW CHEMICAL 

COMPANY, Midland, Michigan, 

Coatings Sales Dept. 2262-N3. 


YOU CAN DEPEND ON 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages !7 and 19. 








IM co ow, 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products . 


screened for 
. complete 


with all released specifications and available application data. 


POWDER METAL BEARING 


Comprised chiefly of iron powders, 
bearings made from a new ferrous- 
base composition will cost considera- 
bly less than comparable bearings now 
made from porous bronze. 

Subjected to exhaustive life tests 
and service under actual operating 
conditions, bearings have consistently 
shown performance equal to porous 


bronze. Can be used on wide range of 
products where corrosion is not a 
problem and mechanical strength re- 
quirements are within tolerable limits. 

Suggested uses include bearing and 
bushing applications on home appli- 
ances, fractional horsepower motors, 
power tools, light machinery. instru- 
ments, light vehicles, communication 
equipment and other products. Amplex 
Div., Chrysler Corp., P. O. Box 2718. 
Detroit 31, Mich. >476 
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SERVOMOTOR GEARHEAD 

Precision gearhead for size 10 servo- 
motors is also available with size 11 
mounting dimensions. Overall length 


of gearhead is less than one inch, and 
its weight is 47 g. 

Output shaft is displaced off center 
for highly accurate meshing with other 
assemblies. Ratios from 6:1 to 274:1 
available. Unit designed to meet MIL- 
E-5272A and operates over tempera- 
ture range of —55 to +-125 C. Clifton 
Precision Products Co.. Inc., 9014 West 
Chester Pike. Upper Darby. Pa. —>477 


FIBER GLASS TAPE 

Temp-R-Tape GV-ECC 116 fiber glass 
tape has a thermal curing. pressure- 
sensitive silicone adhesive. 
The adhesive is designed to provide 
max bond strength once cured in place. 
Cured adhesive remains flexible and 
will withstand operating temperatures 


polymer 


of 500 F and short time exposure to 
600 F. 

Typical properties: thickness, with 
adhesive, 0.0065 in.; weight, oz per sq 
yd, 6.0; adhesion, oz per in. width 
(pressure-sensitive), 30; after curing 
greater than breaking strength of back- 
ing; dielectric strength, 500 vpm. The 
Connecticut Hard Rubber Co., 407 
East St.. New Haven 9, Conn. > 478 


INDIUM-BONDED DIODE 


1N699 is an_ indium-bonded 
germanium diode for 
use in computers, magnetic amplifiers, 
demodulators and _ low- 


Type 
junction-type 


modulators, 
power rectifier circuits. Features high 


et 
es ae 
+ 
“- 











——=)| —__—_ 
a 


resistance to shorts and opens and 
improved high-temperature perform- 
ance. 

Measures only 0.300 in. long by 
0.110 in. diam and has flexible leads 
for soldering or welding. Resistance 
to shock and vibration is provided by 
its spring-loaded, 0.005-in. tungsten 
whisker and its indium-bonded junc- 
tion. CBS-Hytron Semiconductor Oper- 
ations. Lowell, Mass. 479 


MECHANICAL ADJUSTABLE 
SPEED DRIVE 


Allispede Drive offers infinitely ad- 
justable speed over ranges up to 8:1. 
Operates from an a-c source and is 
available in ratings from 1 to 20 hp 
with output speeds of 1 to 10,000 rpm. 


Designed for use in machine tool, 
metalworking and indus- 
tries. 

Versatile 


processing 
building block principle 
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Bu 
DESIGNS THAT WORK a WITH 


CHIOL “ 


TIMING MOTORS 


Precision-engineered SYNCHRON synchronous 
motors operate smoothly, efficiently in any position at 
temperatures from —40°F to + 140°F ... start instantly 
under load... pull up to 20 ‘n, oz. at 1 r.p.m. Speeds 
from 0.8 r.p.m. to 600 r.p.m, FP UL and CSA approvals 


BUILT FOR PERFORMANCE 


PATENTED TWO-PIECE 7 DOUBLE BEARINGS ON 
FIELD STRUCTURE OUTPUT SHAFT. 


DOUBLE BEARINGS in GEAR CASE SEALED 
reduction train against oil leakage to OV KC H RO IN; 
ALUMINUM ROTOR permit mounting in 


RING SUPPORT. seated ceatemacine * 
PATENTED, HARDENED MOUNTING HOLES. 
STEEL ROTOR RING. 
RA EARS. 
OlL STORAGE RESER- BRASS G $ 
voir with patented STEEL PINIONS. 


oil feed to bearings. STANDARD TIMING MOTOR (8 IN. OZ.) 


Compactly built to space saving dimensions, with rotor 

AVY BRASS ROTOR BAKELITE GEAR for and coil packed in a sturdy hand-sized case. Used in 
HEAV quiet operation, timing devices and controls of all types. Guaranteed 
COVER. torque 8 in. oz. at 1 r.p.m. 


HI-TORQUE TIMING MOTOR (20 IN. OZ.) 
There’s big power packed into this versatile timing motor. 
One year guarantee. Dependable, accurate, trouble-free. 
Guaranteed torque 20 in. oz. at 1 r.p.m. 


SLO-MOTION TIMING MOTOR 
Versatile new pear-shape timing motor developed espe- 
cially for replacement application. 110 speeds available 
within 4 r.p.h. and 360 r.p.m. 


HANSEN CLOCK MOVEMENTS 
For standard and office clocks, sign clocks, novel, 
clocks, and clocks of all kinds up to 26” in diameter under 
glass. Precision power with a Synchron timing motor. 


HANSEN MAGNA-TORC DC MOTOR 
Designed for aircraft instruments and radio controls. 
Armed Forces applications have proved its top perform- 
ance world-wide under all operating conditions. Easily 
adapted to commercial uses. 





“Workhorse of the industry” ® 
synchronous motors, timing machines, 
clock movements, magnatore DC motors 


HANSEN MFG. CO., INC. ‘ PRINCETON 16, IND. 


ESTABLISHED 1907 


FOR FULL INFORMATION CALL OR WRITE TODAY 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., Chicag>, Ill.; Winslow Electric Co., New York, IN. Vig Chester, Conn, Philadel- 
phia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBSTE 2 3- 7591) and Oskland, Calif.; H. C. Ag , Inc., ter, 
Buffalo, Syracuse, Binghamton and Schenectady, New York. 
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STROMBERG-CARLSON 
Type “A” Relays 
with 
Plug-in mountings 


For fast, easy removal and replace- 
ment you can get Stromberg-Carlson 
Type ‘‘A” Relays with plug-in 
mountings. 

The Stromberg-Carlson Plug (il- 
lustrated above) automatically locks 
the relay in place and guarantees a 
low-resistance connection between 
plug and socket. Its 36 terminals 
provide enough connections for prac- 
tically all relay applications. Coils 
and contacts are wired to terminals 
as your needs dictate. Contacts can 
be furnished in silver, palladium, 
gold alloy or palladium-silver alloy. 

Spring combinations possible with 
this assembly are 17 Form A or Form 
B; 10 Form C or Form D. 

Also available in an “A” Relay is 
a plug used with commercial radio 
type sockets. It can mount relays 
with 8, 9, 12 or 20 
connections. 

For technical de- 
tails and ordering 
information, send 
for Bulletin T- 
5000R, available on 
request. Write to: 


erg? 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 Carlson Road, Rochester 3, N. Y. 


Electronic and communication products 
. for home, industry and defense 
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permits vertical or horizontal mount- 
ing of units on floor, wall or ceiling; 
location of output shaft and motor in 
any of 4 positions; and location of 
speed changing mechanism on_ top, 
right or left of motor housing. Louis 
Allis Co., 427 E. Stewart St., Milwau- 
kee 1, Wisc. ~>480 


STEPPING SWITCHES 


Blue insulating material,  diallyl 
phthalate, is now standard without 


extra charge on all spring-driven step- 
ping switches. 

Insulation provides min resistance 
of 100,000 megohms between switch 
points and between each point and 
the frame, and maintains this resist- 
ance over temperatures ranging from 
—55 to +85 C. 

Are resistance is 140 sec, and 
high tensile and compression strengths 
maintain mechanical dimensions re- 
gardless of age or temperature varia- 
tions. Lifetime shrinkage estimated to 
be no more than 0.001 in. per in. C. P. 
Clare & Co., 3101 Pratt Blvd., Chicago 
45, Il. >481 


VERTICAL WEATHER- 
PROTECTED MOTORS 


Line of NEMA Type II vertical weath- 
er-protected motors is designed for 
use where continuous operation under 
severe weather conditions is necessary. 


Features direct blow-through _pas- 
sages, permitting high velocity air to 
pass through motor without entering 
active parts. Also has a series of low- 
velocity air lifts combined with 


labyrinth turns and baffles to precipi- 
tate any moisture or other contami- 
nates, 

Available in all typical vertical con- 
figurations such as solid shaft, hollow 
shaft, self-release couplings and non- 
reverse ratchets. Rated up to 5000 hp. 
General Electric Co., Schenectady 5, 


nN. ¥. > 482 


15-AMP POWER TRANSISTORS 


Two new series of high current power 
transistors with typical current gains 
of 40 and 75 at 10 amp have a max 
collector current rating of 15 amp. 
The transistors have  collector-to- 
emitter breakdown voltage ratings of 
30, 40, 70 and 80 volts to eliminate 


burnout in high voltage applications 
collector-to-base 
breakdown ratings are 20 volts higher. 
Supplied in standard package with 
soldering lugs, straight pins or flying 
leads. 

Suited for use in static power con- 
verters and voltage regulators, tran- 
sistors are also useful as relay re- 
placements and as_ high current 
switches. Semiconductor Products, 
Bendix Aviation Corp., Long Branch, 
N. J. > 483 


The corresponding 


MAGNETIC FREQUENCY 
DETECTOR 


Model 510 Cyclemag magnetic fre- 
detector measures audio 
frequencies directly, using only static 
components. Delivers 0-500 pa of d-c 
output for 0-500 cps input. Accuracy 
is better than 1 per cent, despite large 
changes in driving voltage and in driv- 


quency 


TYPE 510 
> 


cyclem3é 


ACROMAG, INCORPOR!T 
DETROIT, MICHICA 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 





EIGHTEEN TRANSDUCTORS 
LED THE BIG PARADE! 


Some strip-plating friends of ours had to control 
currents flowing to eighteen anodes. To regulate the 
plating thickness, they had to sum the individual 
large (up to 7500 amperes d-c) currents, without 
interfering with the accurate metering of each one 
individually. Were they ever pleased to find that each 
of their eighteen CONTROL transductors (which 
never wear out) would eliminate special metering, 
and would also drive a heavy duty overload relay... 
contribute its share of power to an a-c totalizing 
transformer... and permit instrumentation currents 
to be carried great distances to switchboard panels 
with proper safety isolation and no loss of accuracy. 
They said we could tell you, if you wanted more in- 
formation, that they did away with shunts, too! Need 
more details? 


A TRANSDUCTOR IS A TRANSDUCTOR 
Is A TRANSDUCTOR 


Truth is there are people who think we are saying ‘“‘transducers’”’ when we 
are saying “transductors.” ’Tisn’t so. Our CONTROL transductors are simple 
saturable reactors which (oh, joy!) never need maintenance. We connect 
two Orthonol cores in series opposition, and run the bus bar, whose current 
we want to measure, through them (giving us, essentially, a one-turn 
control winding). Don’t even have to make a direct electrical connection— 
and we wind up with enough output for instrumentation, and plenty left 
over for feedback control. Try that on a transducer sometime. Or a shunt- 
millivoltmeter, for that matter. Whatever you want to try it on, you can 
try us for full information first. 


WE HAVE TROUBLE WITH LIFE TESTS 


One of the fine technical magazines in which this Journal appears recently 
did a survey on reliability. They wrote us and asked how long our CONTROL 
transductors would last under certain conditions. It was sort of embarras- 
sing. How can you run a life test on something that won’t wear out? You 
see, our transductors have no moving parts, no filaments to burn out, noth- 
ing to replace or maintain. Bury them in the ground or install them in the 
corrosive atmosphere of a chlorine plant—it makes no difference. We told 
the editor what our problem was, and he said, ““‘Hmmmmn, I see.”” Now we’re 
waiting to see what he’s going to say about this remarkable step forward 
in reliability. ]f you have to measure or record from 200 to 10,000 amperes 
with isolated meters, there's a world of information awaiting your inquiry. 
And it may give your maintenance man a break, too! 


N 


Reliability begins with CON'T RO 
eet a % | ; 


ever: 


A DIVISION OF MAGNETICS. iNe 
Dept. EM-53, BUTLER, PENNSYLVANIA 
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when ONE THOUSAND 


that's MINIATURIZATION! 


We produce precision turned nuts 
for all types of “miniaturized” 
equipment. For example .. . 


... the nuts shown above are iden- 
tical in type and accuracy. The 
miniature size, measuring 1/8 x 
3/64”, weighs only 0.11 Ibs. per 
thousand. The conventional nut is 
1-1/16 x 21/32” and weighs 110 
Ibs. per M. This 1000-to-1 ratio is 
typical of our versatility. 

When your fastening problems in- 
volve small nuts .. . or if you're 
looking for better price, quality 
and delivery . . . let Fischer quote 
your next order. 


FOR PRECISION BRASS 
AND ALUMINUM NUTS 

... STANDARD, 
SPECIAL OR MINIATURE 
... SPECIFY FISCHER! 


there's no premium 
for precision 
at 


SPECIAL MFG. CO. 


| FISCHER SPECIAL MFG. CO. 

4?) Morgan St., Cincinnati 6, Ohio 
| Please send your new 20-poge 
| CATALOG FS-1000 containing com- 
| plete specifications on brass and aluminum nuts. 


| Nome. Title. 





I Company 





Street 





Zone Stote__ 





| City. 
8148-FS 
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ing waveforms. External power sources 
not required. 

Hermetically-sealed and ruggedized 
in a convenient plug-in package. With- 
stands than 100 g’s shock and 
will operate for years without mainte- 
nance or adjustment. 
22519 
Mich. 


more 


Inc.. 
Detroit 41. 
>484 


\cromag, 


Road, 


Telegraph 


1500-VOLT AXIAL 
LEAD RECTIFIER 
High-voltage silicon rectifier series has 
characteristics up to 1500 
volts and 100 ma at 150 C ambient 
temperature. 

Types SL715 (100 ma) 


i 


(50 ma) combine high voltage and 
current ratings with the 
of axial lead mounting. 
May be used in power supplies for 
magnetrons, Klystrons, electronic pre- 
cipitators and other applications re- 
quiring 600-volt output or higher. 
Transitron Electronic Corp., 168-182 
Albion St., Wakefield, Mass. > 485 


operating 


and SL615 


convenience 


MERCURY-BATTERY HOLDER 


Three mercury-battery 
been added to line of electronic com- 
ponents. One clip, No. 2475, is 2% in. 
long and 3-cell, built to hold Mallory 
battery TR-133R. Second clip, No. 
2477, is 31% in. long, 4-cell, and will 


=a 


holders have 


hold Mallory battery TR-134R. Third 
clip, No. 2324, is 3.541 in. long, 5-cell, 
and will hold Mallory battery TR- 


135R. All 
mounted. 
Mount directly to chassis or printed 
| circuit board. Spring-loaded end ac- 
| commodates production tolerances of 
mercury cell and allows insertion in 
| tight spots no longer than holder itself. 
| All parts are non-ferrous and electro- 
| plated. Cambridge Thermionic Corp.. 
| 445 Concord Avenue, Cambridge 38. 
| Mass. >486 


stand % in. high when 





PUNCH-VERIFIER 


Punch-verifier Model 244 offers an ac- 
off-line paper tape 
preparation for application in com- 
controls. A tape can be 


curate concept in 


puters and 


wee 


punched and verified in 2 operations 
from the 10-key plus character key- 
Keyboard locks up 


indicated and 


board. when an 


error is operator can 
correct error and proceed. An original 
tape can also be reproduced as many 
limes as necessary. 

Insignificant zeroes are automatically 
punched, and a search for the first 
hole in the tape to be 
another feature. Digital Service Labs., 
2402 


Calif. 


verified is 


Torrance, 
> 487 


Crenshaw Boulevard 


TRANSISTORIZED CRYSTAL 
OSCILLATOR 

Stability at high shock and vibration 
TCO, 300-0C. 
control and can 


is a feature of Type 


Oscillator has oven 


withstand shock up to 100 g or vibra- 
tion from 0 to 2000 cps at 10 g. 

Frequency range is 400 to 2000 cps. 
Frequency stability is +0.002 per cent 
over temperature range from —55 to 
+-80 C. Output is of square-wave type. 
Meets applicable portions of MIL-E- 
5272A. 

Weighs only 11 oz, including its 
hermetically-sealed metal holder and 
four %-in. studs for mounting. Reeves- 
Hoffman Div. of Dynamics Corp. of 
America, Carlisle, Pa. ~>488 


SILVER BRAZING ALLOY 


Fluxless Nu-Braze No. 0070 (contain- 
ing lithium) brazing alloy is being 
used in joining structural parts in- 
tended for operating temperatures up 
to 900 F. 

Needing no flux, it is suited for 
application in complicated blind joints 
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KEEP UP-TO-DATE ON MAGNETICS 


GUARANTEED TO WITHSTAND 1,000 VOLTS! 


GVB-finished tape wound core boxes drop your production costs 


We have developed a radical new finish for aluminum boxes 
for tape wound cores. Your production department will glow 
with delight, for we guarantee this finish to withstand 1,000 
volts (at 60 cycles) without taping! 


GVB, for Guaranteed Voltage Breakdown (limits) , is what 
we call this new finish. It is perfectly matched to our alu- 
minum core boxes, for it will withstand temperatures from 
-70°F to 450°F. Potting techniques need not change, for 
GVB-finish lives happily with standard potting compounds. 


By eliminating the need for taping the core box, you 
also eliminate a time consuming production step. By com- 
bining GVB-finish with our aluminum core box, we assure 
you a core capable of being vacuum impregnated down to 
20 mm. of mercury. 


And they are Performance-Guaranteed! Like all tape 
wound cores from Magnetics, Inc., aluminum-boxed or phe- 
nolic-boxed, you buy them with performance guaranteed to 


DECEMBER 1958 


published limits. The maximum and minimum limits are for 
B,,,, B,/B,,. H, and gain. This data is published for one, two, 
four and six mil Orthonol® and Hy Mu 80 tape cores. 


GVB-finished cores are ready for you now. So are the pub- 
lished limits for all Magnetics, Inc. tape wound cores. Write 
today for more GVB details, and for your copy of the guar- 
anteed performance limits: Dept. EM-51, Magnetics, Inc., 
Butler, Pennsylvania. 


MAGNETICS inc. 
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DID 
YOU SAY 


the full line of 
WEST VIRGINIA 
PRESSBOARD 
INSULATION 
combines better 
dielectric quality 
with uniformity and 
low cost 


9 


YES, 
each of the 
three grades 
gives you a wide 
choice of thicknesses. 
No metal particles! 
100% virgin kraft 
stock is used in all. 
They can save 


production money 
for you. 


PRESSITE ... for Air... Oi... 
Askarel Transformers. Anabsorbent, 
unsized board of 100% virgin kraft 
stock free of metallic particles. 
Excellent dielectric, physical and 
chemical properties. Thicknesses: 
.031" to .250". Color: natural kraft. 


ELECTRITE . . . Harder Board for 
Variety of Punchings. A high grade 
board treated with natural rosin 
size for moisture resistance. High 
tensile strength. Punches clean. 
Thicknesses: .031" to .250". Two 
colors: brown and black. 


DENSITE... Extremely Hard Board 
. .. Sized or Unsized. Used by many 
manufacturers to replace more cost- 
ly types of insulation. Thicknesses: 
.031" to .125". Color: natural kraft. 
Underwriters’ Laboratories, Inc. 
report E-3987—57N2130 is your 
guide to proper selection. We 
welcome your inquiry. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 

Board Products Sales 


230 Park Avenue 
New York 17, N. Y. 
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of type found in aircraft honeycomb 
structures, 

Has a melting range of 1435 F 
solidus to 1635 F liquidus. It contains 
0.2 per cent lithium, 92.5 per cent 
silver, and the balance copper. Ameri- 
can Silver Co., 36-07 Prince St., Flush- 
ing 54, N. Y. —>489 


MIDGET TRIMMER 
CAPACITOR 


Measuring only %e in. behind chassis, 
capacitor has a full capacitance range 
of 1-8 ypf. A direct traverse-type 
motion permits capacitance to be in- 
creased by clockwise adjustment of 


rider head. A special slot on head 
enables it to be turned easily by a 
screwdriver. 

Advantages: thermal stability, 
smooth tuning characteristic, compact- 
ness and high Q factor. 

Safe operating temperature ranges 
from —55 to +125 C. Average Q 
factor at 50 mc is over 800. Tempera- 
ture coefficient of capacitance is -+-50 
+50 ppm per deg C. Electric strength 
(glass only) is 1000 volts d-c at 50 per 
cent relative humidity. Corning Glass 
Works, Corning, N. Y. ->490 


SUBMINIATURE SWITCH 


Recent tests by independent labora- 
tories approved by the U. S. Navy Bu- 
ships established the Class 1 and Class 
4 TyniSwitch as capable of meeting 
shock and vibration tests of Mil 
S-901B. Both momentary and main- 
tained-contact types have satisfactorily 
met these requirements. The center- 


mounted blade and positive snap action 
of switch makes this possible. 
Specifications of switches for appli- 
cations involving Mil S-901B are: 
Class 1 or Class 4 Types A or B: 
electrical ratings 15 amp, 115 volt or 
250 volt a-c; Class 1 dimensions are 
15g x %e x 4 in., Class 4 dimensions 
are 146 x “46 x ‘2 in. Detroit Controls 
Div., American-Standard, 5900 Trum- 
bull Ave., Detroit 8, Mich. >491 


FAST-CHANGING 
POTENTIOMETERS 


To simplify replacement of potenti- 
ometer functions, the Change-Quick 
potentiometer has been developed. 
Individual function cups are quickly 
substituted by removing the external 
clamp, fitting the new cup into posi- 


tion, 2 simple operations of indexing 


and phasing, and replacing the cla:nap. 
All cups of a 7-gang assembly can be 
indexed and phased in minutes, will. 
shaft rotation alignment error of Jess 
than 0.1 deg. Ace Electronics Asso- 
ciates. Inc., 99 Dover St., Somerville 


14, Mass. > 492 


ELECTRONIC TIMER 


When using a moving-film camera for 
analog recording, it is generally neces- 
sary to establish a time base with 
precisely measured time _ intervals. 
Model 4006 is a device for such needs. 


Unit gives precise timing intervals 
by supplying time base voltage pulses 
to facsimile lamps for recording with 
drum-type, strip chart, and special 
cameras; voltage pulses for intensity 
modulation of cathode-ray  oscillo- 
graphs; and on-off control of a fac- 
simile lamp for zero reference in delay 
measurements. 

Elapsed time is displayed by 5 
decimal counting units that serve as 
frequency dividing networks, and out- 

(Continued on page 139) 
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—first step to better coil design 


Manufacturers of electromagnetic 
equipment can reduce material and 
production costs now—by switching 
to ALcoa® Aluminum strip windings. 
Equipment designed with ALCOA strip 
is more compact, lighter in weight, 
and better able to dissipate heat than 
conventional wire. For information 
about recent ALCOA developments in 
this field and how they benefit you 
—please turn the page. 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality. 

Intensive research and testing by ALcoa have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation 

Recently, ALCOA purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation. 
With this added facility, the electrical windings division of 
ALcoa Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry. 


ALUMINUM’S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper. 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio. 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns. 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation; new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire. 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt- 
age, which may be many times the turn-to-turn voltage. 
Aluminum strip insulation needs to withstand only turn-to- 


Interleaving sheet-type insulation 
with aluminum strip. 


Send for Alcoa's new 
Conductor Selector 
Chart, a convenient 
slide rule for convert- 
ing standard wire 
sizes to equivalent 
strip conductor. 


. ore 
a 


consectoe 
SeLecros cHant 


Specially designed equipment for 
winding smaller coils. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . . . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 





HARD-DRAWN ALUMINUM STRIP 
COPPER WIRE No. 3 EC 
0.321 0.098 
8.89 2.70 


PROPERTY 








Weight (Ib /cu in.) 
Specific gravity 
Coefficient of linear 
expansion (/°C) 
Thermal conductivity 
at 20°C / watts /sq in. | 
( in. /°C 
Electrical conductivity 
at 20°C, per cent IACS 97 
Electrical resistance at 
20°C (microhms/sq in. /ft) 
Temperature coefficient 
of electrical resistance 
at 20°C (/°C) 
Modulus of elasticity 


0.000017 0.000023 


ra 6.0 
61.0 


8.40 13.14 


0.00381 
17 x 106 


0.00409 
10 x 166 





ALcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test. 

ALUMINUM COMPANY OF AMERICA, 2260-M Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Preliminary testing of foil-wound 
transformer. 


ALCOA ©. 





ALUMINUM. 


ALUMINUM COMPANY OF AMERICA 


ALCOA THEATRE 
Fine Entertainment 
ALTERNATE MONDAY EVENINGS 





put provides a means for obtaining 
timing marks of 1, 0.1, 0.01, and 0.001 
sec. Allegany Instrument Company, 
Inc., 1091 Wills Mountain, Cumber- 
land, Md. > 493 


SCANNING CONTROL 


As many as 24 stations may be moni- 
tored in sequence with this scanning 
control. An abnormal condition at any 
point is instantly indicated by a red 
warning light atop control and by an 
alarin, if one is wanted. In addition, 


equipment being monitored may be 
shut down if desired. 

Originally for monitoring tempera- 
tures from —200 to +-3000 F, scanner 
will provide similar protection with 
almost any other measurable variable. 
Only restriction is that all stations 
must have same permissible limits of 
condition being monitored. These limits 
may be changed at will. Assembly 
Products, Inc., 75 Wilson Mills Rd., 
Chesterland, Ohio. > 494 


AUTOMATIC VOLTAGE 
STABILIZER 


Automatic voltage stabilizer will main- 
tain a 118 volts output voltage even 
though the input may vary from 95 to 
130 volts. Designed for television re- 
ceivers, amplifiers, hi-fi sets and other 
electronic equipment where excessive 
voltage or low-voltage conditions are 
the cause of performance troubles. 
Rated at 200 va, unit’s operation is 
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New, 
Versatility 
for Machinery 


Changing production conditions demand 
versatility from your machinery. Sterling Speed-Trol Variable Speed 
Drives economically compensate for present or future production 
variables and keep machinery operating consistently at a higher 
output. A Sterling Application Engineer will show you how the ver- 
satile Speed-Trol Variable Speed Drive can deliver top production 
under changing conditions. 


INQUIRE TODAY 


TERLING 


ELECTRIC MOTORS 


Plants 
LOS ANGELES 22 + CINCINNATI 12 
Offices and Stocks in Principal Cities 


“i @ 


Speed-Trol Slo-Speed 
Variable Speed Drives Gear Motors 
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PROBLEM: 
Miniature precision 
wirewound resistors 
with maximum stabi 
and minimum | 

temperature coefficient 


lity 





ANSWER: NEW 


ULTRONI*X ¥ 
Uitraminiatures 7 


Ultronix Ultraminiatures have a temperature coefficient within 15 
parts per million per degree Centigrade. In actual tests conducted 
by Donner Scientific Company, a random selection of Ultronix 
miniature resistors averaged out at 9 ppm, the only resistors tested 
to fall within the often advertised 20 ppm. 


Ultronix resistors are encapsulated by compression molding in an 
alkyd resin whose coefficient of linear thermal expansion matches 
that of the resistance wire without sacrifice of other qualities. 
Strain coefficient is completely eliminated insuring maximum sta- 
bility. The TC of each Ultronix resistor is the same as that of the 
wire used. Ultronix resistors are available with solder lugs and 
axial, radial, printed circuit, or special leads. Ultronix resistors 
exceed the requirements of MIL-R-93B and MIL-R-9444. 


20°C 60 120 20 0 -60 
999 2 





k=9 PPM/'C 
1000 N 


1001 2 la | 


10022 1 A A - 

















Typical resistance vs. temperature curve of Ultronix miniature precision re- 
sistors. Tests conducted by Donner Scientific Company, Concord, California. 








OTHER FEATURES OF ULTRONIX ULTRAMINIATURES 


Close Tolerance and Wide Range: 1 ohm to 2 megohms within +.05% 


Wide Temperature Range: —65°C to -+125°C, derate 5% for each degree 
increase in ambient temperature above this 
point. 


Altitude: Unlimited 
Small Size: Ultronix type 102 measures only 1%” x 1/4” x Ye” 


Frequency Characteristics: Standard time constant .2 usec 











Ultronix makes a complete line of precision wirewound resistors. 
For complete technical information including the new ultramini- 
atures and the name of your nearest Ultronix engineering repre- 
sentative, please address Dept. M12. 





116 S. Bayshore Boulevard, San Mateo, California 
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noiseless and free from harmonic radi- 
ation. Can automatically provide a 
secondary of 118 volts +2 per cent 
within 13) sec of primary voltage 
fluctuation. 

Furnished with primary cord and 
built-in secondary receptacle _ into 
which TV cord is plugged. Acme Elec- 
tric Corporation, 35 Water St., Cuba, 


MN. 495 


MICROMINIATURE 
12-POSITION SWITCH 


Microminiature 12-position switch has 
positive interlock and low r-f loss for 
switching from d-c to hundreds of 
megacycles. Contact points are gold 


plated, with an ungrounded isolated 
center shaft and flush mount for con- 
trol space. 

It is designed for any purpose, in- 
cluding meter, band and _ function 
switching for subminiature ground or 
airborne radio frequency — systems. 
Avion Division, ACF Industries, Inc., 
1] Park Place, Paramus, N. J. > 496 


RELAY TEST SOCKETS 


Device provides a method of connec- 
tion to a wide variety of components 
with hermetic seal headers of the 
hook, pin, or flattened terminal types 
used on relays and other components. 

Socket is of durable construction, 
te withstand production test usage, 
with mica-filled epoxy or Teflon di- 


ELECTRICAL MANUFACTURING 





Do You Have Critical 
Filter Problems ? 


Sangamo Electric Company has been designing and building specialty 
filters since 1927. These filters have been used in a wide variety of metering, 
telephone and military equipment produced by Sangamo, and by a limited 
group of electrical and electronic manufacturers. Sangamo's thirty years of 
filter design and manufacturing experience is now available to the industry. 


Here’s a Typical Example: The filter 
illustrated was required for use in a 
circuit which was designed to amplify 
extremely small signals in the range of 
25 KC to 26 KC. 


BASIC OPERATIONAL 
AND DESIGN SPECIFICATIONS: 


Meet applicable requirements for mili- 
tary apparatus. 

Operate in a plate circuit of an ampli- 
fier presenting an effective generator 
47,000 ohms and to 
drive the grid circuit of the following 


impedance of 


amplifier stage. 

Operate at signal level as low as 10 
microvolts. 

Must be well shielded against external 
fields. 

Passband ripple not to exceed 1 db. 
from 25 KC to 26 KC. 

Minimum rejection shall be 35 db. at 


28 KC and 40 db. at 23 KC. 


The phase shift, from one production 
filter to another, shall not vary more 
than 5° at any point in the 25 KC to 
26 KC bandpass. 


The phase shift and attenuation 


ame = a 


characteristics must be reproducible 
over a long period of years to insure 
properly functioning spare parts. 


Temperature range 0° to 85°C. 


SANGAMO SOLUTION TO PROBLEM 


The above requirements were met by 
using three parallel tuned circuits proper- 
ly coupled by capacitors. Selection of the 
L-C ratios, coupling, and circuit Qs were 
made in order to fulfill the overall re- 
sponse requirements and at the same time 
present the proper load to the driving am- 
plifier stage. Stability requirements were 
obtained by using Sangamo silvered mica 
capacitors. Negative temperature coef- 
ficient capacitors were inserted in parallel 
with the tuned circuits to correct for the 
positive temperature coefficient of the in- 
ductors. A phase shift variation of 2.5° 
maximum from 25 KC to 26 KC has 
been consistently maintained during eight 
years of production on these units. The 


ir PEF Tt 
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er 


Ci, Cs, C:-—Temperature Compensators 
Cz, Cs, Cs, Ca, Cs—Sangamo Silvered Mica Capacitors 


Gi) SANGAMO ELECTRIC COMPANY 


DECEMBER 1958 


SPRINGFIELD, ILLINOIS 
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SANGAMO 
MAY HAVE THE 
ANSWER TO YOUR 
PROBLEM 


universal wound coils are enclosed in 
powdered iron cups with moveable slugs 
for precise adjustment of the response 
and the phase shift. These inductors 
manufactured by Sangamo have uniform 
distributed capacity and Q. The cup-en- 
closed inductance coils are in turn housed 
in a die-cast aluminum enclosure. This 
housing lends physical rigidity to the 
coupled structure and assists in minimiz- 
ing magnetic interaction between the en- 
closed inductors. The entire filter assembly 
is enclosed in a hermetically sealed drawn 
steel case. The terminals are of the ex- 
tremely rugged compression glass type. 





~ TRELATIVE ATTENUATION — DECIBELS 


FREQUENCY =a 
25 KC 30 KC 35 KC 40 KC 





Relative response curve of this 
Sangamo bandpass filter. 





Write us today for an 
engineering analysis of your 
specialized filter applications. 
Sangamo’s engineers are ready 
to help you. 














Temperature problem,solved! 
pie” oy % SP ac , 








Idling at 70° below zero—or pushing at 127° 


one TIONAL brush fits both jobs! 


TRADE-MARK 


These mammoth material movers “National” Brush grade SA-45. RESULT: excellent cold 
push, carry, pull and lift over ter- weather performance, even under idling and stalling 
rain that stops many machines. loads—excellent tropical performance, even where com- 
Working temperatures vary as much mutator speeds reach 5,000 RPM. 
as 200 degrees, says H. H. Frasch, Further, NATIONAL CARBON’S one-brush solution sim- 
“National” Carbon Brush Man. plified brush ordering and gave the customer maximum 
Rugged brushes are vital, Frasch quantity discounts. Call your “National” Brush Man next 
continues, because each wheel is time you have a problem or write to National Carbon 
geared directly to a high torque DC motor. Company, Division of Union Carbide Corporation, 
For motors and generators, the manufacturer chose 30 East 42nd Street, New York 17, N. Y. 


H. H. FRASCH 


ei ites. 
“National”, "N” and Shield Device, and "Union Carbide” are registered trade-marks of Union Carbide Corporation roy. -1249)8) = 


NATIONAL CARBON COMPANY -~ Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atianta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toror:co 
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TYPE D BLOWERS 


long life 
simple maintenance 


Single or double blowers, with 
durable metal housing, are 
powered by type D shaded pole 
induction motor. Rugged units 
require little oiling, won’t inter- 
fere with radio or TV. Standard 
operation is on 115 V, 60 cy- 
cles, AC. Single unit has load 
speed of 3200 rpm, 55 cfm; 
double unit operates at 3100 
rpm; 100 cfm. Other frequen- 
cies and voltages available. 


Heinze Blowers are designed 
to your exact specifications — 
for vending machines, photo 
dark rooms, laboratories, kit- 
chens, refrigerators, air con- 
ditioning units, furnace draft 
boosters, animated displays, 
cooling electronic equipment, 
and other general cooling appli- 
cations. Write for new catalog 
to Department B. 


ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


HORSEPOWER MOTORS 
“AND BLOWERS 


sie 
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electric, beryllium copper contacts and 
mutually-insulated dual contacts on 
each connection. This dual contact has 
advantages in contact resistance eval- 
uation of relays in that a current and 
measuring terminal is provided. Barnes 
Development Co., 213 West Baltimore 
Pike, Lansdowne, Pa. >497 


RADIATION-SHIELDED 
TEMPERATURE SENSOR 


Designed to permit air-temperature 
measurements substantially independ- 
ent of other radiation, 
includes a triple-shielded en- 
closure integrated into a support arm 


solar and 
sensor 


together with an aspirating blower. 

Located within a vertical cylindri- 
cal enclosure (at left), a thermal-sen- 
element is surrounded by an 
inner shield with a high 
mass ratio and fabricated from 0.003- 
Surrounding this 
combination is a second cylinder of 
0.062-in. thick aluminum. A_ third 
shielding element, hat-shaped, is in- 
cluded for further reduction of max 
solar radiation error. Beckman & 
Whitley, Inc., 985 San Carlos Ave., 
San Carlos, Calif. >498 


sitive 
surface-to- 


in. stainless steel. 


SATURABLE CORE REACTOR 
Full range saturable core reactor is 


for smooth, stepless control in a 


variety of power-regulating applica- 
tions. Device is a series reactor whose 
reactance can be varied at will by 
making changes in a small amount of 
direct current in a control winding. 
Currently available is a 1000 kva 
saturable core reactor. Line will range 


from 25 kva through largest commer- 


cially required, and in dry-type and 
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COUNTER TUBES 


COUNT 


—up to 
100,000 times 
per second 


Ir you’RrE designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability— many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


COUNTER TUBES 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept. 
112 , Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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P.B MICRO-MINIATURE RELAYS LEAD IN 


performan 


ssh 100q* VIBRATION: 30g to 2000 oes’ 


*NO CONTACT OPENING 


New P&B crystal-case size relays, 
the SC and the SL (magnetic latch- 
ing), show amazing shock and vibra- 
tion capabilities. They absorb shocks 
of 100g and vibrations 30g to 2000 
cps. without contact openings! 

A highly efficient magnetic struc- 
ture utilizing a permanent magnet 
makes possible at least twice the con- 
tact pressure found in DPDT relays 
of comparable size. One watt of power 
for three milliseconds operates either 
relay. Transfer time is unusually fast 
—0.5 milliseconds maximum. 

For more information, contact your 
P&B sales engineer, or write Potter 
& Brumfield, Princeton, Indiana. 








1375 ax, —————\} 





eer) SC 159 max~ 


SlL—dual coil latching relay. Operates on a 230 
mw, 3 ms. pulse at 25° C. Permanent magnet 
latch locks the armature in either position. 
SC—non-latching relay with series-connected 
dual coils. Operates on approximately 260 mw 
at 25° C. Coils must remain energized to hold 
the armature in the operate position. 


SC and SL Series Engineering Data 
GENERAL: 

Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g for Iims. 


‘PERMANENT 





——— 


Vibration: 30g 55 to 2000 cps.; 0.195" max. 
excursions from 10-55 cps. 

Temperature Range: — 65° C. to + 125° C 

Weight: 15 grams without mounting bracket. 

Operate Time: 3 MS. max. with 550 ohm coil 
@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC) 

Transfer Time: 0.5 MS max. 

Terminals: (1) Plug-in for microminiature 
receptacle of printed circuit board. 
(2) Hook end solder for 2 +24 AWG wires. 
(3) 3” flexible leads. 

Enclosure: Hermetically sealed 

CONTACTS: 

Arrangement: 2 Form C. 

load: 2 amps @ 28 V. DC, resistive; 1 amp 
@ 115 V. 60 cycles AC, resistive. 

Pressure: SC—16 grams min.; SL—20 grams min. 

COIL: 

Power: SL—230 mw @ 25° C 
SC—260 mw @ 25° C 

Resistance: SL—10,000 ohms per coil max. 
SC—20,000 ohms max. 

Duty: Continuous. 

MOUNTINGS: 
Bracket, stud and plug-in. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER © BRUMFIELD IING. 


PRINCETON, INDIANA + SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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THERE THEY CO! 


ANOTHER ORDER 
FOR 


TOLEDO 


COMMUTATORS 
AND COLLECTOR 





You get fast action on 
your order becouse we 
know we con sove you 

money by delivering quality 
commutators and collector rings 

in o hurry! Our extensive 

tooling facilities enable us to 

turn out special orders, samples or 
repair jobs promptly. Only the 
finest materials go into our 
products . . . quality controlled and 
inspected to insure uniform 
perfection in each commutator and 
collector ring . . . no matter 


how many you order 


For quality commutators 
and collector rings . 

for quick delivery 

call Toledo 


Commutator Co. 








Write today for 
Catalog #65. 


. 
a ee? 
®eeesr* 


toledo e 


commutator co. 


osso 6, Michigan 
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oil-filled designs for indoor and out- 
door applications. 

Applicable to rectifier and control 
equipment and to industrial automa- 
tion. Allis-Chalmers Manufacturing 
Co., 1126 So. 70th St.. Milwaukee 1. 
Wise. > 499 


PHOTOCELL CONTROL 
SWITCH 


Featuring high sensitivity and modular 
plug-in design, Model R_ photo-relay 
is designed for applications such as 
sorting, 


counting, lighting controls, 


safety devices. limit switches, meas- 


urement control, level control and au- 
tomation. 

Heart of the 
switch module is a_ solid-state light 


photocell control 
receptor. The receptor is a hermeti- 
cally sealed cadmium sulfide cell with 
an S-15 spectral response. Sensitivity 
is fully adjustable, and unit operates 
reliably with a light intensity as low 
as 1 foot-candle. 

Includes a quick-acting DPDT relay 
with contacts rated at 5 amp, 120 
volts a-c. Operates from any 110 volt 
a-c source with negligible current 
drain. Berkeley Dynamics, 2831 7th 
St.. Berkeley 2. Calif. >500 


RECORDER AMPLIFIER 


Two-channel power-output _ recorder- 
amplifier Model GGA-2 is designed 
specifically to amplify output of the 
company’s subcarrier discriminators 
for use in FM/FM telemetry systems. 
Useful in applications requiring rela- 
tively large current outputs over a 
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COUNTER TUBES 


PROGRAM 


—and have 
long, 


reliable life 


IF you’RE designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability— many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


COUNTER TUBES 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept. 
112 , Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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Typical installation of a ‘‘cartridge” of multiple Belleville 


washers in a clutch, such as in a machine tool drive. 


Where loads are high, operating space limited, and 
conventional spring forms fail to qualify, Belleville 
washers in the form of an Energy Cartridge can be 
a welcome solution. Two such conditions are 
illustrated here. 

By preassembling the washers in a single compact 
unit held together by pins or posts, installation 
is simplified and error is prevented in stacking 
loose washers in sequence. For varying loads, many 
combinations are available: in series, parallel or 
parallel series. 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-R Division, Plymouth and Ann Arbor, Mich. 

Gibson Division, Chicago 14, Ill. 

Milwaukee Division, Milwaukee, Wis. 








Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

F. N. Manross and Sons Division, Bristol, Conn. 
San Francisco Sales Office, Saratoga, Calif. 





Typical installation of a ‘‘cartridge" of multiple 


Belleville washers in a shaft seal. 


Some uses of 


Belleville Washers 


as a spring 


ENERGY CARTRIDGE 


Belleville washers may be used for vibration isola- 
tion, as spring mountings for punch and impact 
presses, or to maintain constant pressure. For fur- 
ther information, write for pamphlets “Belleville 
Springs” and “Energy Cartridge.” For engineer- 
ing and production assistance on large or small 
requirements, contact the nearest A.S.C. Division 


listed below. 


General Offices: Bristol, Connecticut 


Seaboard Pacific Division, Gardena, Calif. 
Cleveland Sales Office, Cleveland, Ohio 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 


Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec saiz 
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wide range of audio frequencies (0 
to 25 ke). 

Delivers up to 200 ma at zero to 
=10 volts, d-c or peak a-c, in each 
channel. Gain adjustable from 0.1 to 
2.0. Panel size 3% x 19 in. Data Con- 
trol Systems, Inc., 39 Rose St., Dan- 
> 501 


bury. Conn. 


TIME DELAY RELAY 

Type MTRH-8 relay features instan- 
taneous recycling and accurate tim- 
ing, independent of voltage variation, 


for fixed delays of 15 to 180 sec. 


Any standard a-c or d-c 
voltage may be used. 
Contacts are SPST either NO or NC 
and can be supplied to fit various load 
and life requirements. Complies with 


operating 


latest airborne military environmental 
requirements. 

Weight approx 3 oz and occupies 
2.25 cu in. with mounting styles avail- 
able to meet any need. Branson Corp., 
41 South Jefferson Road, Whippany, 
N.S. ->502 


FOOT, KNEE OR ELBOW 
SWITCH 
Hand-free actuation of electric count- 
ers, production equipment and other 
electrically-operated mechanisms _ is 
provided by this switch. 

Foot operation requires 4 lb pres- 


vs ay 


teolty. Clee oi a 
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sure with 14 in. total pedal travel. 
Non-skid rubber feet are provided to 
prevent slipping. Two mounting holes 
permit permanent mounting when de- 
sired. 

Unit switches 34 hp loads at 115 
volts, a-c. SPST NO and SPST NC 
switches are furnished only without 
cord. Dimensions; 234 in. wide, 6 
in. long, 154 in. high. Production In- 
struments Div., General Controls Co., 
8074 PH McCormick Boulevard, Sko- 
kie, Ill. >503 


MINIATURE TORQUE 
MOTOR 


Miniature torque: motor Model 22 
weighs only 2% oz and is designed 
for use in servo systems. 

Because it is welded and _ brazed 
together, it operates reliably for mil- 
lions of cycles under adverse environ- 
mental conditions, including tempera- 
tures to 400 F. Symmetrical design 


virtually eliminates effect of large 
lateral accelerations on armature posi- 
tion. 

Produces a mid-position force of 1.8 
lb for 1.5 w of input power. Motor 
stroke is +0.006 in., natural frequency 
900 cps, and hysteresis 3 per cent max. 
Raymond Atchley, Inc., 2340 Sawtelle 
Blvd., Los Angeles 64, Calif. >504 


LIGHTWEIGHT MICRODIAL 


Model No. 1310 is available in a 3- 
digit, 10-turn version only. The model 
number changes to 1309 with addi- 


tion of a finger-tip brake which locks 
settings in place when desired. 
Rugged, sealed construction enables 
dial to withstand severe environmental 
conditions and provide long service 





COUNTER TUBES 


—and use 
simple 
circuits 


IF you’RE designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability— many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


COUNTER TUBES 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept. . 
112 , Special Tube A“(# 
Operations, 500 
Evelyn Ave., 

Mountain View, 
California. 
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Fiere Service Counts... 





Baby needs service now! And when 
you have a motor-drive problem for 
appliances or equipment, service 
counts! Emerson-Electric has power 
specialists (more than 100 
heljectelaha@rchucbi rele) (cmcem-s hue 

sp ervice from design 


a atuelersaemecte)elecectece)emeat ter. 
Remember.. 


@ Emerson-Electric produces custom 
engineered motors to suit your 
Spec Lju needs 

® Emerson-Electric has more than 65 
years’ experience in meeting motor 


drive requirements like yours 


For service that 
counts, call, wire 
or write Dapt. 
M-338 today. The 


Emerson Eiectic IT atte) \ 4 eng ile: 


Louis 21, Mo. of St.Louis + Since 1890 
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There’s Engineering 
“Magic” in... 
CERAMIC 
MAGNETS! 


You can do things 
with Stackpole Cera- 
magnet you can’t do 
with conventional 
permanent magnets 
... and you can han- 
dle many ordinary 
magnet applications 
better... often at less 
cost. Ceramic magnets 
have highest magnetic 
permanency. No 
keepers needed. They 
are electrically non- 
conductive, weigh less 
...and offer numerous 
other advantages. 


a, 


USED AS 


Rotors ¢ Drive units 
Pole pieces * Holding units 
Magnetic shafts * Grippers * Chucks 
Couplings * lon traps * Seals * Arc 
snuffers * Centering devices * TV 
yoke cores * TV “pin cushion" 
magnets * TV field equalizers * TV 
PM focusers * and many other uses 


Fuel pumps * Motors * Magnetic 
drives * Door latches * Clutches 
Speedometers * Switches * Toys 
Games °* Statuette bases * Utensil 
racks * Novelties * Desk sets 
Relays * Generators * Oil level 
meters * Electric blankets * Butter 
warmers * Coffee makers * Can 
openers * Burglar alarms * Vending 
machines * Submerged gas pumps 
Pressure gauges * Float meters 
Lightning arresters * Key keepers 
Inverter motors * Conveyors * Pot 
holders * Magnetos * Microphones 
TV sets * Magnetic separators 
Recorders * Sonar devices * Gas 
pump starting switches and hundreds 
of other things 
WRITE FOR ENGINEERING 
BULLETIN RC-11A 


STACKPOLE 


CARBON COMPANY 
St. Marys, Pa. 


> fh 9’ = ey JIL. ey © 

= CHA MAGNET 

THE PERMANENT MAGNETS THAT 
ARE REALLY PERMANENT 
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life. Has large, easy-to-read numbers 
in direct contrast to their backgrounds 

black on white and white on black. 

Aluminum control knob is mounted 
directly on shaft to be controlled. This 
prevents backlash which could result 
from gearing. Borg Equipment Div., 
George W. Borg Corp., 120 So. Main 
St., Janesville, Wisc. 505 


PROXIMITY LIMIT SWITCH 


Capable of detecting magnetic mate- 
rials through an air gap up to 1 in., 
type 2782 is a rugged, dependable 
sensing device with unusual repeat- 
ability. 

A sealed and potted sensor housing 
provides protection against corrosive 


Cy ” 





atmosphere, humidity and the pres- 
ence of cutting oil. It is shielded 
from stray magnetic fields and is fun- 
gus-proof. 

Complete package ready for instal- 
lation includes sensor head, printed 
circuit control relay with set point 
adjustment, and plug-in cable con- 
nector. Automatic Timing & Controls, 
Inc., King of Prussia 6, Pa. ->506 


IMPROVED A-C MOTORS 


Improved a-c motor design in type A 
motor has substantially more and high- 
er efficiency without increase in over- 
all dimensions. 

Used where space and size are 
critical, and low noise and high torque 
are essential. 

Fan blades from 2 to 4 in. may be 
attached for use in electronic equip- 





COUNTER TUBES 


SAMPLE 


—and have 
excellent 
selectivity 


Ir you’RE designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability— many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


COUNTER TUBES 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept. 
112 , Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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secure your product quality 


Here are the “tremendous trifles’’ upon 
which product quality depends. Hubbell 
miniature screws assure efficiency in your 
assembly operations, dependable product 
operation and long term product life and 
user satisfaction. 


Hubbell miniatures are the finest ob- 
tainable. They are available in sizes #0 
and #1 in steel, stainless steel or brass; 
and in head styles and sizes to meet your 
most exacting needs. 


Hubbell quality can be your greatest 
production economy. If you have a special 
problem... call Machine Screw Depart- 
ment, Bridgeport, EDison 3-1181. 


HARVEY 
HUBBELL, inc. 


HIGHEST 


rt A y 
URAL! 


WIRING DEVICES ¢ MACHINE SCREWS 


MACHINE SCREW DEPARTMENT 


with HUBBELL premium miniatures 


Even the 
PACKAGING 
PAYS OFF 


New plastic "see 
through" boxes 
permit screw 
identification or 
inspection without 
opening the box. 


YEARS’ 
EXPERIENCE 
in the manufacture of 
highest quality, rolled 
thread machine screws 
and special 
cold headed parts. 


BRIDGEPORT 2, CONNECTICUT 








Circle 148 on page 17 


ment and blowers. Reroll chart drives, 
fans, and gear train drives are a few 
of the possible applications of this 
motor. Variations in mounting and 
rotation available. Barber-Colman Co., 


Rockford, Ill. ->507 


HIGH PRESSURE SHAFT SEAL 


Hexseal Series NLK-9000 sealing de- 
vices are for use with Allen Bradley 
potentiometers, Type J, and_ similar 
adjust-and-lock components. 

Design is a one-piece silicone rubber 
bellows molded to a metal nut. Bel- 





ROTARY 
METAL SHAFT 
NUT 


SILICONE 


METAL 
RUBBER INSTALLATION 
BELLOWS NUT 


| as 


HEXSEAL SERIES NLK-9000 

















lows seals against panel and an in- 
wardly protruding O-rib seals against 
rotary shaft. 

Series NLK-9000 is also available to 
fit all standard thread and shaft sizes. 
Useful over range of —160 to -++-500 F. 
For use in pressurized and environ- 
mentalized equipments. A. P. M. Co., 
252 Hawthorne Avenue, Yonkers. 


A >508 


TUBELESS PHOTOELECTRIC 
CONTROL 


Light-energized tubeless control with 
self-contained head uses a cadmium 
cell as the light sensing element. For 
thorough shielding, cell is mounted 


behind a shield 2 in. from lens, with 
only a small opening between cell and 
lens. 

Operating requirements are 0.07 sec 
dark time and 0.07 sec light time with 
10 ft-candles minimum light intensity. 
Control relay contacts are SPDT, silver 
cadmium oxide, rated 4 amp at 115 
volts a-c, non-inductive load. 

Enclosed in a cast aluminum case 
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SILICONE ‘ a 
RUBBER INSULATED WIRES 
BY ROCKBESTOS OFFER YOU: 


Excellent dielectric strength — electrical properties remain constant from 
—130°F to +500°F. 


High heat resistance — better than any type rubber insulation. Long service life in 
temperatures to 125°C (power cables) and 200°C (other applications). 


Excellent moisture resistance — unrestricted applications in wet or dry locations 
— equal to the best grades of rubber. No lead sheath required. 


Greater ozone resistance than the best grades of rubber insulated cables. 


Excellent resistance to chemical attack — being chemically inert, silicone rubber 
insulations resist effects of lubricating oils and most corrosive atmospheres. 


Long life — excellent resistance to weathering and aging. 














MOTOR LEAD and APPARATUS WIRES 


For leads to motors, transformers, etc., requiring a flexi- 
ble wire in high temperature locations or applications. 











Se HEATING CABLES and DEFROSTING 


WIRES 
APPLIANCE and FIXTURE WIRES 
Heating cables are ideal for use in pipe heating, surface 


For use in wiring high wattage units when operating tem- heating, roof de-icing and soil heating. 

peratures reach 150°C and 200°C. Lighting fixtures, Defroster wires being odorless and tasteless are perfect 
clothes dryers, electronic equipment, stoves, water for use as rapid defroster heating element in electric 
heaters, ovens, therapeutic devices, space heaters are refrigerators and freezers. 

among the many products for which these wires are 

recommended. 


ROCKBESTOS PRODUCTS CORPORATION, NEW HAVEN 4, CONNECTICUT 
NEW YORK «+ CLEVELAND «+ DETROIT * CHICAGO «+ PITTSBURGH + ST. LOUIS + ATLANTA 
DALLAS + SEATTLE * LOS ANGELES + BURLINGAME, CALIFORNIA 


ROCKBESTOS 


For complete details on Rockbestos Silicone Rubber Insulated Wires and Cables send for Catalog SR58. 
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1200 BARCLAY STREET, 


SLEEVINGS 


are coming 
from Bentley, Harris 


In braided electrical insulating sleevings, Bentley, Harris 
“firsts” are legion — first in use of glass fibers; first in heat- 
treated, non-fraying glass fiber sleevings; first in vinyl-coated 


fiberglass sleevings; first with silicone rubber coatings. 


In 1959, Bentley, Harris will announce two radically new 
Class H electrical sleevings — both designed to give you 
added product protection with no increase in insulation cost. 
The truly amazing physical and electrical properties of these 
new sleevings will change your thinking about insulation 
performance standards. 

An advance announcement of the first of these new devel- 
opments is now being prepared. May we send it to you — 


write us today. 


BENTLEY, HARRIS MANUFACTURING CO. 
CONSHOHOCKEN 2, PA. 


Telephone: Norristown, Pa.: TAylor 8-7600 
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with dust-tight gasket seal tapped for 
14 in. conduit. The 34 in. diam lens is 
mounted in flexible neoprene. Approx 
dimensions, less mounting — bracket, 
5, in. high, 3154 in. wide and 3% ¢ 
in. deep. Autotron, Inc., Box 722, 3629 
North Vermilion, Danville, III. >509 


THREE-INCH STORAGE TUBE 


Three-inch storage tube WL-7225, used 
for storing information in computers, 
receives information, stores it, and 
when signalled to do so, reads back 
electrically accumulated information. 


Features ruggedness; 2.6 in. diam 
of useful target; increased resolution; 
electron gun beam focusing to a fine 
spot; convenient coaxial connector for 
output terminations, making possible 
a compact mounting. 

One method of writing involves 
holding the screen at a fixed potential 
and applying a potential of from 20 
to 50 volts to the plate. The signal to 
be written is applied to the electron 
gun control grid, while the beam is 
scanned across the target in the de- 
sired pattern. Westinghouse Electric 
Corp., Electronic Tube Div., P. O. Box 
284, Elmira, N. Y. >510 


SOLENOID VALVE 


“Shorty” all-purpose 2-way solenoid 
valve is 4°4 in. high by 3 in. wide 
with height from top to line only 31%46 
in. 

Applications: air and gases to 250 
psi: water to 150 psi; oil to 75 psi: 
and steam to 25 psi. 

Pilot-operated, valve can be kept 
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MELAMINE PARTS MADE 
BY CHICAGO MOLDED 


CUT BOTH 
COST AND 


WEIGHT /5% 


make new design and color styling practical 


Chicago Molded makes four 
plastic parts for new photocopier. 


This melamine housing and cover are features of the 
new Apeco Uni-Matic Auto-Stat copying machine. Two other 
important components — the processor tank and removable 
trough — are injection molded of styrene-acrylonitrile 
copolymer by Chicago Molded Products Corporation. 


American Photocopy Equip- 
er) ment Co. of Evanston, II. 
§” estimates that the molded 
melamine housing on their new Apeco 
Uni-Matic photocopier alone saves $100 
on the machine’s retail price. The plas- 
tic housing also has a 4-to-1 weight 
advantage over stainless steel, and 
offers far greater latitude of design and 
styling. The offsets and crisp contours 
embodied would have required com- 
plicated fabrication and been econom- 
ically impractical in drawn metal. The 
melamine housing emerges from the 
mold ready for assembly. Melamine 
also makes available to Apeco a wide 
selection of molded-in colors. 
Supplementing the melamine hous- 
ing and cover are two other important 
components that Chicago Molded 
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makes for the Apeco Uni-Matic Auto- 
Stat. These are the processor tank and 
removable trough — both injection 
molded of styrene acrylonitrile. This 
copolymer gives these transparent parts 
improved impact resistance and im- 
munity to attack by the developing 
solution used in the photocopier. 
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These savings in weight and cost — 
plus the design and styling advantages 
— are typical of how Chicago Molded 
engineers can help make your products 
better, more saleable, lower priced. 
With more than 39 years of experience 
in molding all kinds of plastics, Chicago 
Molded can suggest better molding 
materials, cost-saving techniques, even 
basic design changes. 

For information on Chicago Molded’s 
services and a free subscription to 
Plastics Progress, the data-packed mag- 
azine on new developmeats in plastics, 
write today to: 


CHICAGO MOLDED 
PRODUCTS CORPORATION 
1024 North Kolmar Ave., Chicago 51, Illinois 
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RANGE IN NAUTICAL MILES 


New Amplitron tube nearly doubles radar range. Copper tone shows increased coverage. 


In radar tubes, in breaker contacts, electrically and structurally... 


The COPPER METALS meet 


THE CHALLENGE OF 
RELIABILITY 


Increased maintenance costs and the increased com- 
plexity of most military and commercial products have 
laid greater stress on the reliability of electrical and 
electronic components. What the customers want, es- 
sentially, is predictable service life without mainten- 
ance. The designer faces the problems of temperature, 
corrosion, material and joint strength, fatigue and 
many others. His answer is frequently found among 
the copper metals — whether or not conductivity is 
also needed. Here are a few design problems where 
reliability was vital, and where copper or a copper 
alloy contributed to the solution: 


Design Probliem—Radar booster tube 


Raytheon’s Amplitron* is a new type of tube capable 
of power amplification at microwave frequencies. It 
boosts the output power of an existing radar installa- 
tion by 8 to 14 times, and nearly doubles its range. 
Dependable performance is essential, whether used for 
military aircraft detection or commercial aircraft guid- 
ance. The design problems included extreme mechan- 
ical accuracy, durable connections, heat dissipation 
and vacuum retention. The solution to all of these was 


*Raytheon Trade Mark 


oxygen-free, high-conductivity copper. 

The anode cavity (diagram above) depends on very 
tight tolerances for proper performance. Yet in some 
models it can be formed out of a solid blank of copper 
by cold forging — with a single press stroke. Copper’s 
malleability makes this possible. The many connec- 
tions can be brazed reliably because of copper’s good 
joining properties. 

With an output above 4 megawatts, heat could be a 
problem. Copper’s thermal conductivity handles it. 
The good high temperature characteristics of this 
copper are enhanced by its freedom from oxygen traces, 
eliminating oxidation, scale formation and conductiv- 
ity losses. The very high (50-70%) electrical efficiency 
of the tube depends, of course, on copper’s electrical 
conductivity. 

Vacuum retention in a tube of such complex geom- 
etry depends on two other characteristics of this grade 
of copper. The metal is nonporous, and its high purity 
eliminates the formation of gaseous products. The vac- 
uum envelope is therefore secure, because nothing 
seeps in and nothing is generated within it. 

Raytheon says, “Without copper, the Amplitron 
would have been impossible.” 
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Schematic diagram ot | ““““*"" ee oe 
Amplitron tube > 


Reliable performance 
depends on conductiv- 
ity, vacuum retention 
and accurate fabrica- 
tion. Copper makes it 4 DUP VELOCITY 
possible. Complete %, 
Amplitron unit shown 
at left. 











Design Problem— Piug-in breaker connections 


Federal Pacific Electric Company’s ‘“STABreaker”’ circuit break- 
ers plug right into the panelboard to permit changing units and 
ratings without bolting and unbolting. Dependable performance of 
the connectors is essential to circuit continuity and to avoid heating 
and false tripping. The design problems included high fatigue 
strength, spring qualities, easy cold working, reliable welded con- 
nections and, of course, electrical conductivity. The solution to the 
problem was found in Phosphor Bronze 5%. The result was an 
excellent electrical connection and a dependable one. 




















Design Problem — Yours 








Whenever reliability determines de- 
sign, the copper metals should be inves- 
tigated. They have many properties 
besides conductivity that can help en- 
hance the maintenance-free service life 
of your product. The Copper & Brass 
Research Association, 420 Lexington 
Ave., New York 17, N. Y., will be happy 
to cooperate in your investigation. 


























“$TABreaker” plugs into panelboard. En- 
during spring qualities of Phosphor Bronze 
5% assure a reliable contact. 


THERE'S A NEW FRONTIER IN... 
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M*F TWO-WAY* LOCK NUT 


M*F PROJECTION WELD NUT 


Recessed 


M*F 


MACLEAN. 


Foae 


gives you product superiority 
and fast, low-cost assembly 


with the M:F line of lock nuts 


and standard nuts in all sizes 


“olf the shelf” 


SPIN LOCK NUT 


for faster application with 
consistent torque 


This all-metal, double chamfered, re-usable lock nut 
can be applied to bolt threads from either end. The 
center locking principle permits bolt end to be flush 
with top of nut. 


for high torque consistency 
in full and jam thickness 


This consistent-torque lock nut will withstand terrific 
vibration and shock loading; retains its locking ability 
for as many as 10 RE-applications. 


for low-cost assembly 


Solve production delays, cut manufacturing costs— 
fuse nut to the product in exact location. Engineered 
for assembly simplification. The welding of nuts to 
sub-assemblies permits the use of screws or bolts in 
the main assembly without the need for holding nuts 
from turning, cutting time and labor. 

Both types available with the patented M+ F Two- 
Way locking feature. Each type has three welding 
projections, eliminating rock and guaranteeing a 
uniform weld. 


the nut with the built-in 
lockwasher 


This free-spinning one-piece lock nut eliminates the 
need for supplemental locking devices such as lock- 
washers. Cuts purchasing and inventory costs. 


for the asking 


The M- F Products Catalog — valuable data on torque, bolt tension 


afd dimensions as well as on other available products. 





open with a pressure differential as 
low as 5 psi. Feature stainless steel 
pilot. unbreakable stick-free piston 
rings. and replaceable resilient seats. 
Four pipe sizes: %, %, %, ™% in. 
Atkomatic Valve Co., Inc., 545 W. Ab- 
bott St.. Indianapolis 25, Ind. 511 


MINIATURE BRASS NUTS 


These extra-small machine-turned nuts 
feature same uniform accuracy as con- 
ventional sizes. They are tapped square 
with faces to Class 2 tolerances. 
countersunk on both sides, burrless. 


degreased and can be supplied in 
single or double chamfered styles. 
Applications: 
transistorized radio and television sets; 
fractional hp mo- 


precision instruments: 


business machines; 
tors, printed circuitry. 

Available in standard hexagon, cap 
(open or closed end) and_ knurled 
thumb nut types in a complete range 
of sizes. Odd or special sizes to cus- 
tomer specifications. Fischer Special 
Manufacturing Co., 421 Morgan Ave.. 
Cincinnati 6, Ohio. >512 


50-VOLT METALLIZED- 
PAPER CAPACITOR 


designed for transistor 
metallized- 


constructed in 


Specifically 
applications, 50 volt d-c 
paper capacitors are 
metal tubular case styles with glass 


 s 


5535 N. WOLCOTT STREET « CHICAGO 40, ILLINOIS he 


MAC LEAN-FOGG Lock Nut Company | 
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Oscillogram showing ac output of 
special Sola Constant Voltage Trans- 


former (input to 
ly-square wave 


rectifier). The near- 
shape allows high- 


ly-conservative rectifier loading 


and contributes 


EFFICIENT, regulated DC power supply 


Can you use a +1% regulated dc power 
supply that has no filter choke drops .. . 
that has an unusually low ratio of size and 
weight to power output? If so, consider a 
Sola Regulated DC Power Supply. 


This unique power supply combines: 1) 
a Sola Constant Voltage Transformer, 2) a 
semi-conductor rectifier, and 3) a high- 
capacitance filter without choke. 
Sola 
(illustrated above) 


The special transformer output 
is virtually a square 


wave, peak to rms. ratio, approximately 


1.06 to 1. It not only minimizes ripple, but 
limits peak voltage to rectifier. 


The current-limiting action of the Sola 
transformer permits the use of enormous 
capacitance for filtering, by controlling 
capacitor charging, thereby protecting it, 
and the rectifier junctions, 


This de source will give you exceptional 
performance on intermittent, pulse, and 
variable loads. The Sola regulated dc sup- 
ply is very reliable, simple, and compact. 
It’s moderately priced. 


Write for Bulletin 6L-235 


go 50, Ill., Blshop 2-1414 @ Offices in principal cities @ In Canada, Sola Electric (Canada) Lt 


ee 


A DIVISION 
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to minimum ripple 


Fixed output — six rat- 
ings available from stock 


Adjustable output — 
six ratings from stock 


Custom - designed units 
produced to your specs 


d., 24 Canmotor Ave., Toronto 18, Ont 





PRODUCTS 
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CORPORATION 





terminal seals. Feature unusual reduc- 
tions in case sizes. 

Type P1232NNG units are capable 
of operation from —65 to +85 C at 


MODERN full voltage rating. Extended electrode 


construction with soldered connections 


ELECTRONIC at all electrical contacts, combined 
ENGINEERING with “NN” solid impregnant, enables 


capacitors to be used at all voltages 


GIVES PRECISE up to rated voltage. Aerovox Corp., 
MOTOR SPEED New Bedford, Mass. >513 


CONTROL | 
| SOLDERLESS TERMINAL 
1/100 — 10 H. P. | BLOCKS 


Modern industrial electronic en- Solderless 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- & 
vantage of speed contro! in DC standard “Amp 53” solderless taper 
motors while operated from the 

regular alternating current power 

line. Grid controlled “Thyratron” 

tubes are utilized for power con- 

trolled stepless variation to sup- 

ply motor armature power. 

Patented feedback, or “Servo” 

circuits provide constant torque 

capability over wide speed ranges 

of as high as 60 to 1 in some 

models and a minimum of 20 

to 1 in others. 


terminal blocks in single, 
dual and triple row units have been 
designed for various computer appli- 
cations and printed circuitry. Accept 


pins and are available in any combina- 


tion of feed-thru individual or shorting 

ewogpeed DIV. of ELECTRO DEVICES, Inc terminals, External wiring eliminated 

4 Godwin Ave. Paterson. N. J by protected, mold-in internal buss 

connections between any combination 
of terminals. 

Holes provided for stacking or right 

angle and perpendicular mounting. 
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MICRO-PROCESSED 
FOR EXTRA 
RELIABILITY! 


Micro-processed |-S beryllium cop- 
per compression springs, being non- 
magnetic and corrosion resistant, 
and having good electrical conduc 
tivity, are exceptionally well suited 
for critical applications. Undesirable 
internal stresses are removed dur 
ing heat treatment resulting in bet 
ter current carrying capacity, lower 
drift and higher endurance life. The 
f aD) exclusive process by which 1I-S 
. Micro-processed springs are manu 
factured make it possible to fulfill 

the most exacting specifications in 


IES Beryllium Copper Springs 


all respects. Unusually close toler- 

ances are held on diameters rang- 

ing from .020” to 1.00” ID. Labora- 

Call or write for tory certified beryllium copper wire 

-S catalog in standard B & S gages from .0025” 

including data : to .072” with a tensile strength of 

8 ta on over 200,000 psi is used in producing 

1-S Micro-processed springs. Close 

e COMPRESSION SPRINGS quality control is maintained to in- 
e FLAT SPRINGS i alae sure correct spring rate and load 


e STRIP SPRINGS INFORMATION requirements. 


UR 


@ CONTACT RINGS | catsioc “\ INSTRUMENT 
e CONTACT STRIPS °™<Eiee SPECIALTIES 


e SCREW MACHINE 


PRODUCTS COeINC 6 ex 
254 Bergen Blvd. ja S| 
Little Falls, N. J." "4" 


Telephone: CLifford 6-3500 


Taper receptacles are brass, gold- 
plated over silver for low contact 
resistance and freedom from corrosion, 
DeJur-Amsco Corp.. Electronic Sales 
Div., 45-01 Northern Blvd., Long Island 
tatty ape: 'Y. >514 








OPERATIONAL AMPLIFIER 


By selection of his own feedback net- 
work, user can obtain a wide variety 
of overall performance with Model 
130 series amplifier. These high gain 
d-c differential amplifiers have 2  in- 
puts and 2 outputs. 


Designed as plug-in units measuring 
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When it’s Quality you're after... 


design with 


You’re Sure of — 
e All-Aluminum Durability « Dependability © Modern Design 


Better electrical design often begins with better electrical fittings. 
Protect your product's performance and quality with Killark 
Alumaloy fittings. They're rust and corrosion proof, light weight, 
designed for easier wiring as well as rugged on-the-job duty. 


For example: 


Seal-Off Fitting 
(EY Series) 


Explosion-Proof Switches 
(Type XPBM) 


Junction Boxes 
(XJB) 





Explosion-Proof Fitting Cord Connectors Explosion-Proof Fittings 
(GRSS Series) (CGAIN Series) (X Series) 


Explosion-Proof 
Flexible Couplings 
(EK Series) 


‘ 


Write for the Killark Catalog of Electrical Fittings and Fixtures 


“KILLARK...@ Fitting Name to Remember” 
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1 x 2 x 3% in., they are useful in 
both a-c and d-c applications. Open 


VERSATILE RELIABLE loop gains from 60 to 85 db are avail- 
. 


able with phase correction to insure 


BARBER stable operation at all gain levels. 
COLMAN ELECTRICAL COMPONENTS Burr-Brown Research Corp., Box 6444, 


FOR YOUR PRODUCTS Tucson, Ariz. >515 


SNAP-IN CONNECTORS 
a WITH REMOVABLE 
-c motors 


Small, high-quality d-c motors for industrial CONTACTS 

equipment and aircraft control applications. DS series of snap-in connectors feature 
Output up to 1/10 hp . . . permanent magnet removable 
and split series types . . . various mountings 
and speeds. Offered with gearheads or blowers. 
Radio noise filters available. 


THE MARK OF QUALITY 





contacts, silicone inserts, 
and crimp-type terminations. 

Pins and sockets can be inserted 
and removed easily and quickly. Silver 
and gold-plated for max corrosion re- 





a-c 400 cycle motors 


Precision missile and aircraft a-c motors de- 
signed to MIL-M-7969a. The capacitor type, 
four-pole motor features a balanced winding 
permitting reversal with an SPDT switch. A 
400-cycle brake is available. Typical rating 
is .020 horsepower at 9700 rpm and 83 watts 
input, intermittent duty. 





tach generators 


For accurate speed indication and servo rate 
control applications. Supply up to 40 volts 
per 1,000 rpm within plus or minus 0.5% 
linearity. Standard temperature range is —65 


to +200°F, but units have been made for —65 - : 
to +500°F ambient. sistance. Sockets are of closed-entry 


type. with contact springs completely 
hooded to prevent malfunctioning from 
probing or spring “pop-out.” 
polarized d-c relays Vibration dampened and permit no 
Ultra-sensitive polarized d-c relays capable of air leakage at 30 psi differential. The 
operating on input powers as low as 40 micro- mated connectors withstand tempera- 
watts. Available with three types of adjust- ture from —100 to over +300 F. The 
ment: null-seeking . . . symmetrical magnetic- we 

: ; Deutsch Co., 7000 Avalon Blvd.. Los 
latching . . . or conventional form C snap- ‘ les 3. Calif +516 
acting. Can also be supplied with integral Angeles J, Vall. 
transistor preamplifiers. 





AREA SEAL FOR CERAMIC- 
choppers METAL COMPOSITES 


Feature extremely low driving power . . . low Area Seal gives high reliability to 
noise level . . . excellent stability . . . long lead-through seals in multiple-terminal 
contact life. Convert a low-level d-c signal as well as single-terminal ceramic- 
into a low-level a-c signal which can be am- metal composite units. 

plified to operate control apparatus. Can also Thin, washer-like fitting around each 
be used as a synchronous rectifier to convert ‘ 
low-level a-c signals to d-c without loss. 





terminal aids in making the sea}. Can 
withstand processing temperatures 
above 900 C and remain vacuum tight, 
permitting use of high melting-tem- 





resonant relays 


Characterized especially by low operating 
power and narrow band width. Coil impedance 
is high enough to be operated in the plate 
circuit of a vacuum tube without impedance 
matching devices. Can be supplied tuned to 
any frequency between 115 and 400 cps. 





TECHNICAL BULLETINS AVAILABLE on all of the above products. Write today for copies. 


BARBER-COLMAN COMPANY 
Dept. L, 1803 Rock Street, Rockford, Illinois 

Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 

Aircraft Controls ° Air Distribution Products ° Overdoors and Operators 

Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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perature braze alloys in fabricating 
ceramic-metal composites. 

Distributes shock and vibration, low- 
ering stress per unit area, and pro- 
vides high mechanical strength and re- 
sistance to thermal shock. Ceramics 
For Industry Corp., Cottage Place, 


Mineola, N. Y. >517 


FRACTIONAL-HP FLEXIBLE 
COUPLING 


Double-engagement type flexible cou- 
pling for fractional-hp applications em- 
ploys a replaceable molded nylon disc 
to absorb shock and _ misalignment. 


& & 
& ¥ 


Overall dimension of largest (rated at 
14 hp) is only 1% in. long by 114 
diam. 

Available in 3 stock sizes. rated 
1. 4% and % hp at 1750 rpm. To 
permit free- peti: action, coupling is 
made with 2-jaw hubs of cold rolled 
steel. These are locked to the shafts 
of driver-driven by cup-point set screws. 

Stock bores are from %4¢ in. to 5g in. 
by 14% in. increments with tolerances 
held to +0.001 in., —O in. Although 
standard finish is black oxide, hubs 
can be finished to any specification 
including zinc, cadmium and _ others. 
Climax Metal Products Co.. 863 E. 
140th St., Cleveland 10, Ohio. —>518 


HIGH-PERMEABILITY ALLOYS 


Two new and one improved high- 
permeability alloys have been devel- 
oped to meet the need for magnetic 
alloys with higher permeabilities, par- 
ticularly at low inductions. The 3 al- 
loys are: HyMu “400,” Vacumet HyMu 
“800” and HyMu “80.” 

HyMu “400” is a nickel-molybdenum- 
iron alloy specially processed to pro- 
vide min 60-cycle a-c permeability of 
35,000 at 40 gauss for 0.014 in. thick 
strip. 

Vacumet HyMu “800” is a vacuum- 
melted nickel-molybdenum-iron alloy 
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BARBER a-C emall motore 


COLMAN 





NOW 





precision-made 
Barber-Coiman 
motor for 

fans, blowers, 


for use in appliances, 
vending machines, projection 
equipment, office machines, 
displays, toys, etc. 


New advanced production fa- 
cilities now make it possible for 
Barber-Colman to bring you 
this quality a-c small motor at 
lower cost in production quan- 
tities. Put it into your product 
to be assured that you are using 
a high-quality, precision-made 
motor that will give long, 
trouble-free service! Barber- 
Colman Company can produce 
these for you on fast schedules. 
. Phone or wire for complete de- 
tails on this outstanding motor. 


Sadie tacieiailamaee: <7 cic PEs ees. Teg la a 





FREE CATALOG HELPS SELECT MOTOR NEEDED 


Get the helpful condensed catalog of Barber-Colman shaded pole small motors. 
Contains complete descriptions of above motors, shows typical specifications, 
performance characteristics, control circuit diagrams. Write for your copy. 


'BARBER-COLMAN COMPANY 
| Dept. L, 1203 Rock Street, Rockford, Iilinois 


small Motors ° Automatic Controls ° Industrial Instruments ° Aircraft Controls 
| Electrical Components ° Air Distribution Products ° Overdoors and Operators 
| Molded Products ° Metal Cutting Tools ° Machine Tools ° Textile Machinery 
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with a min permeability of 55,000 at 


See your 40 gauss. Its primary application will 


| be as laminations or toroids. 
CHICAGO HyMu “80” permeability has been 
| increased by 30 per cent at 40 gauss 
| for all strip of 0.020 in. thick or less. 
STANDARD Offered with a min 60-cycle a-c per- 
| meability of 26,000 at 40 gauss as 
cold rolled strip from 0.001 in. to 


distributor 0.006 in. thick up to 4 in. wide and 


from 0.006 in. to 0.020 in. up to 8 in. 
wide. The Carpenter Steel Co., 3rd & 


for your | Bern Streets, General Office, Reading. 
" : Pa. >519 
widest choice 
| 2-WAY PACKLESS 
of STOCK SOLENOID VALVE 


| High-pressure 2-way packless solenoid 
amass valve GV 60-565 is for controlling air 

and gases to 2500 psi and liquids to 
1800 psi. Valve body and operating 
parts are of stainless steel, eliminating 








150 MW GROUP; 2%” x '%o" x ¥”; wt. 0.65 oz. 
Stancor Turns Ratio Impedance in Ohms 
Part No.| Application| Pri. to Sec. Pri. Sec. 
__TA-18 | Input 1.00:45.5 30 C.T. 50,000 
__TA-19 | Interstage 3.08:1 100 C.T. 10 C.T. 
TA-20 | Output §.22:1 350 C.T. - 4,12 
TA-21 | Output §.53:1 500 C.T. 4, 8.16 
__ TA-22 | interstage 3.16:1 500 C.T. 50 
__TA-23 | Output 5.65:1 600 C.T. 4.6.16 
__ TA-24 | Interstage | 10.0:1 500 C.T. 50,000 
_ TA-25 | Output 6.75:1 825 C.T. 4, 8,16 
pss Powtour face fst. 12 many corrosion problems. Has packless 
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I 1.500 500C.T.. construction there are no stufiing 


2,500 4, 16 boxes or sliding glands that require 


__TA-28 | Interstage 
_TA-29 | Output 
__TA-30_| Interstage 
__TA-31_| Interstage 
__TA-32_| Interstage 
TA-33 | Output 
TA-34 | interstage 
__TA-35 | Interstage 
__TA-36 | Interstage 
TA-37_| Output 
TA-38 | Interstage 


300 MW GROUP; 
_ TA-39 Output 
TA-40 Output 
_TA-41_| Output 
__TA-42 | Output 
__TA-43 | Output 
_TA-44 | Output 4 
_ TA-45 | Output 
_TA-46 | interstage 
TA-47 Input 





ACTUAL 


re | 


3,000 C.T. £890 ©.T-_ maintenance 
5,000 C.T. | 10,000 C.T. aintenance. 
5,000 C.T. | 80,000C.T._ Features tight seating on both liq- 
10,000 C.T. o> uids and gases, without closely fitted 
10,000 200 C.T._ ; 
10,000 2,000 C.T._ 


10,000 3,000 C.T. and is suitable for low-temperature, 


400 C.T. 1l____. | high-pressure applications found in 
500 C.T. 150 C.T. 


"x 15%” x %”; wt. 1.2 02. 
: 100 C.T. , 8, 16 
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parts requiring constant adjustments, 








POS) Od Bg rd fd ed fd 
PlUlBlwlO|nlololo|@ 











PNW) PL AIOlO 





missile ground support and nu- 
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clear control systems, in addition 





to general-purpose applications. Auto- 





160 , 8, 16 4 Se 

400 C.T. 8,16 matic Switch Co., 50-M Hanover Rd., 

500 C.T. 8,16 Florham Park, N. J. >520 

| _700C.T.| 4,8,16 
2,500 4,8,16 
3,000 4, 8, 16 

100,000 1,500 C.T. WEATHER-PROOF PLUGS 


1,000 C.T. | 200,000 C.T. 





OIN|O 





Q/SIN|% 
Pa FA a 


to) 








loforlexfeolw 


Ol Ian 
ON s)— 
14 OF 

> 

- 


w 
oh 


N 





i lew 
aes) w} 


























Weather-proof connectors designated 
Series LR and MR are capable of 


= Complete details about these new units are available in STANCOR Bulletin 546, ‘ : : 
withstanding extremes of mud, ice and 


available from your distributor or by writing direct to Chicago Standard. 





10K — meen — water. 
ty SINGLE ENDEO =F }-7 774 . I—T wT CPuSwW «PULL ee : “ns 
Tictass a staces Ct 111 ek lovass © staces}—1t— 4 Used on Arctic radar warning sys- 


RR ARE PS EE PNA TN TTT ies UT tems, such as the DEW Line, the plugs 
| | . . 
brates feature clear and black anodic coating 


SUPPLY VOLTAGE 
for max corrosion resistance; built-in 


wn 
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| 

| 

| 





rubber gland and gland nut for mois- 








IMPEDANCE (OHMS) 


TRANSISTOR IMPEDANCE (OHMS) 


TRANSISTOR 
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L_NUTIX NA 


a. See Litil io 4 1 
50 100 200 1000 10 20 50 100 200 500 1000 
POWER OUTPUT (MILLIWATTS) POWER OUTPUT (MILLIWATTS) 


CHICAGO STANDARD TRANSFORMER CORPORATION 
3506 ADDISON STREET + CHICAGO 18, ILLINOIS 
Export Soles: Roburn Agencies, Inc., 431 Greenwich St., New York 13 N.Y. 
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When you buy Motor Starters —— 


YOU PAY FOR OVERLOAD PROTECTION 


Only ONE-PIECE Overload Relays give 
100% Protection - Only with ONE-PIECE con- 
struction can you know you've installed the 
heater correctly. Only with ONE-PIECE con- 
struction can you know the heater is exactly 
centered, or properly positioned, so that it 
performs according to its rating. Only with 
ONE-PIECE construction can you know your 
motors have full protection. 


Only Square D has ONE-PIECE Construc- 
tion « ONE-PIECE construction eliminates any 
possibility of heater misalignment. Square D 
melting alloy thermal overload relays can be 
installed only one way. They are tamper- 
proof. They are factory-assembled, are in- 
dividually calibrated and tested. Repeated 
tripping will not affect accuracy. 


Insist on 
Square D melting alloy 
thermal overload relays 


Write tor Bulletin SM-275 for the 
complete story on Square D starters 
with ONE-PIECE thermal overload 
relays. Address Square D Company, 
4641 N. Richards St., Milwaukee 12, 
Wisconsin. 


1-PIECE CONSTRUCTION 


tm 


Py 


Heat-responsive Heat-producing individual factory inspection of every Square D 
element (solderpot)pro- element is an integral part melting alloy thermal overload relay means perform- 
vides accurate response to of overload unit. It’s perma- ance you can trust. Each unit is calibrated and thoroughly 
overload, yet prevents nui- nently joined to solder pot, tested to make sure it will perform according to its rating. 
sance tripping. can't become misaligned. 


ECaM weavy inpustry ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE JT] COMPANY 
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ture sealing around cable; and chain- 
attached caps for sealing off connecto1 
faces when plugs and receptacles are 
unmated. 

Are heavier and_ stronger’ than 
comparable die-cast types. Coupling 
threads and sizes standard to Mil Spex 
MIL-C-5015. Cannon Electric Co., 3208 
Humboldt Street, Los Angeles 31. 
Calif. >521 


BARE-WIRE THERMOCOUPLE 
GLAND 


provides a positive method for sealing 
2 or more bare wires at pressures 
from 0.005 micron to 20,000 psi. 


TO BEARING PROBLEMS 


- RUBBER GROMME 
COVER 

Bunting capability and leadership in the 

field of Cast Bronze Bearings and parts are 


TERMINAL POSTS 


THERMOCOUPLE 





well established and widely recognized. Today WIRE 


Bunting offers an equally comprehensive and sia: Sie are 


responsible service in the field of Sintered — 
Powdered Metal Bearings and parts. 


GLAND FOLLOWER 


KEY 


Bunting’s special knowledge and facilities 
make Sintered Powdered Metal products 
available in many applications not 
heretofore considered feasible. We can help 
you find the simplest answer to your 
individual problem, be it Cast Bronze 

or Sintered Metal. 


NSULATOR Ne 


SEALANT 


BODY 


INSULATOR No. 2 


INSULATOR No 


THERMOCOUPLE 


[-<+—_—___ 


WIRE 


Seals and terminates up to 8 bare 
wires (24, 20, or 14 gage) and can 
be furnished with an open-end tube 


A wide range of stock sizes of to provide mechanical protection for 
the wires in high-velocity or viscous 


Bunting Cast Bronze and Sintered fluid 
ulds, 


Powdered Bronze self-lubricating, Made of 303 stainless steel and 
equipped with neoprene, Teflon or lava 
sealants and ceramic insulators. Conax 
Corp.. 2300 Walden Ave., Buffalo 25, 
eS 522 


plain and flange bearings, thrust 
bearings and bars are available 
from Bunting distributors every- 


where in America. SOLDER TERMINALS 

Solder terminals are designed to fa- 
cilitate servicing and changing of elec- 
tronic parts. Designated “Leed-savrs,” 
they allow pigtail leads to be removed 
with a minimum of heat, eliminating 


Write for catalogs and your copy of the 
new 24 page Bunting Engineering 
handbook of Sintered Powdered 
products and their composition, 
manufacture and application. 


: Mtl 
4 ® 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 
The Bunting Brass and Bronze Company + Toledo 1, Ohio «+ Branches in Principal Cities 
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ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 


To provide a source of dependable, stable power for the “Mariners 
Pathfinder”, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 

supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to +3V and +0.6 cycles over a 20% variation 

in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECPRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 


ai 
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| say it’s Mars! 


Thomas & Skinner says: This 
is a hell’uva way to run a space 
ship! 

But we're not blaming the 
space crew—just the engineer 
who designed the highly complex 
astral navigation equipment. He 
didn’t know about T & S’s new, 
exclusive three-phase laminations 
... which offer balanced voltages 
in all three phases and completely 
eliminate third harmonics. 

These compact laminations are 
now available in standard pro- 
duction sizes . . . for 400-cycle 
applications, 4 mil thicknesses 
with leg widths from 4 to % 
inches . . . for 60-cycle applica- 
tions, 14 and 18.5 mil thicknesses 
with leg widths from 1.2 to 3.6 
inches. 

This is just one more reason 
why you can depend on T & S 
for all your magnetic material 
needs . . . for permanent magnets 

. wound cores . . . laminations 


... and SiFeMag tapes. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets @ Magnetic Tapes OS 


Laminations is] and Wound Cores B® 


1114 East 23rd Street, Indianapolis 7, Indiana 
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| chance ot damage to component parts. 


Permit circuit wiring to be sepa- 
rated from component wiring which 
can be removed with normal heat and 
without excessive wire stressing. Since 
component leads need not be un- 
wrapped for removal, parts spoilage 
is minimized. Alpine Electronic Com- 
ponents Corp., Wolcott Road, Water- 
bury, Conn. >523 


MERCURY CLUTCHES 


Two mechanically-operated clutches 
for larger engines and motors are 
available: No. 6510W is for gas en- 
gines up to 15 hp and electric motors 
to 10 hp, while No. 909W is for still 


heavier use—up to 25 hp for gas and 
20 hp for electric. 

Provide smooth pick-up and positive, 
power transmission. Protect 
motor from overload and 
release at predetermined speed under 
all conditions. 

Both clutches have anti-friction bear- 
ings and standard 1%4¢ in. bore and 5% 
in. x 3AB pulley assembly. Automatic 
Steel Products, Mercury Clutch Div., 
Canton, Ohio. >524 


no-slip 
engine or 


SINE-COSINE 

POTENTIOMETER 
Sine-cosine 
radar, computer and servomechanism 
assemblies has a standard conformity 
cent peak-to-peak, or a 


potentiometer for use in 


of +1 per 


special conformity of +0.5 per cent 
peak-to-peak. 

Uses oil-impregnated bronze bearings 
for a recommended max speed of 30 
rpm. Precise windings, plus a low-wear 
wiper design, result in a life of 
500,000 cycles. Has a flange mount, 
with a diam of 2.050 in. and 1.925 
in. diam beyond. Shaft torque is 1.0 
oz-in. 

Total resistance with shorted wind- 


ings is 16 k ohms, +3 per cent. Total 
number turns of wire is 1568. All ter- 
minal connections brought out through 
rear of case. Clarostat Mfg. Co., Inc., 
2 Washington St., Dover, N. H. 525 


SMOOTH-FINISH O-RINGS 


“Mirror-Finish” Teflon O-rings have an 
unusually smooth surface which elim- 
inates all raised flash that 
conventional Teflon O-rings. This pro- 


exists on 


vides precise tolerances and results in 
longer life and more effective opera- 
tion. 

For applications where conventional 
O-rings fail because of heat, friction 
or chemical action. 

Stable to temperatures up to 500 F, 
these O-rings are not subject to ex- 
twisting under pressure or 
conditions of relative movement. Chi- 
cago Gasket Co., 1271 W. North Ave., 
Chicago, Il. > 526 


trusion or 


TAP ACTION SWITCH 


The interchangeable Quiette tap action 
switch is rated at 15 or 20 amp, 120- 
977 

‘a 


277 volts a-c. Assures quiet and safe 


control of incandescent or fluorescent 


lights and appliances, turning on or 
off at slightest pressure on button. 

Meets Federal Spec W-S-893-A and 
can be used to control motors where 
full load current does not exceed 80 
per cent of current rating of switch. 

Is totally enclosed, has heavy silver- 
alloy contacts, can be installed in any 
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CLARE Service 


which can solve your Wiring Problems 


If your present policy is to buy separate relays 
and switches and perform the necessary wiring 
yourself, you can benefit from our new, complete 
wiring service. 

From the smallest bench unit to large rack- 
type cabinets, CLARE can offer packaged wired 
assemblies to meet your exact requirements. 
We can build to your specifications, or construct 
assemblies from our own stock of bases, con- 
nectors, plugs, and other components. 

With the opening of our new plant in Fair- 
view, N. C., we now have the capacity to handle 
any wiring project. Our experience in the care 
and treatment of precision relays and switches 


is your assurance of familiar CLARE quality. We 
have developed our own versatile tooling to 
provide an economical service. 

As a result, we can deliver to you wired as- 
semblies which are fully tested and which ad- 
here to the highest standards of quality—and 
we can do this more economically than you could 
do it yourself. 

Why not let us show you how you can fit this 
special service into your own operation? Call or 
write: C. P. Clare & Co., 3101 Pratt Blvd., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. 
Cable Address: CLARELAY 


CLARE Renavs | 


FIRST in the industrial field 
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MAGNETIC AMPLIFIERS 


TOROIDAL INDUCTORS 
FILTERS 


Made to your 
2 =«=most rigid requirements 


Years of Experience manufacturing Magnetic Amplifiers 
Proved Engineering 


Competitive in Price 





Quality Control 


Rapid Delivery 
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position, and will fit any standard 
interchangeable wall plate. Supplied 
with binding screw-type terminals in 
single or double-pole, 3-way or 4-way, 
with brown or ivorylite operating 
buttons. Arrow-Hart & Hegeman Elec- 
tric Co., 103 Hawthorn St., Hartford 
6, Conn. >527 


FRACTIONAL-HP MOTORS 


Ecliptic motors are made in a dozen 
or more models of M“4o to %4 hp 
capacity. Sizes range upwards from 
14% in. diam, 2% in. lengths, and 
weights from 7 oz up. Line includes 


eo * die 

Universal, d-c, a-c and PM types, in- 
duction, gear, governor and_ brake 
types. 

Specifications: a-c or d-c reversible; 
6 to 48 volts; 4450 hp max; continuous 
duty; 100 to 300 rpm. Carter Motor 
Co., 2708A W. George St., Chicago, 
Il. >528 


HIGH-PRESSURE VALVES 
WITH D-C SOLENOIDS 


Direct solenoid-operated Shear-Seal 
valves for pressures up to 3000 psi 
are available for operation on 12, 24, 
or 125 volts d-c. Come in either stand- 
ard or explosion-proof housing. 

Valves are rated for oil and water 
pressures ranging from 0-250, 0 to 
1500, and 0 to 3000 psi. Air valves 
are rated at 0 to 250, 0 to 1000 and 0 
to 1500 psi. Available in 4-way, 3-way, 
shut-off and diverter flow patterns. 

Feature the Shear-Seal design, a 
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ON LABOR COSTS A 
SAVED NEARLY $10, 


“For fastenings in steel, in plastics, and in die 
cast aluminum, we switched to P-K Self-tapping 
Screws and save time and money in every case,” 
says Henry Teller, Supervisor of Assembly 
Standards, Royal Typewriter plants of the Royal 
McBee Corporation. 

“‘At our Hartford plant alone, where more 
than 500,000 typewriters per year are assembled, 
we use P-K Self-tapping Screws for speedy, 
dependable fastening of Tenite plastic space 


Royal McBee Corporation’s experience with 


Parker-Kalon Self-tapping Screws is typical of 


literally thousands of similar cases. A P-K® 


LONE, P-K FASTENERS 


000 PER YEAR 
ROYAL McBEE CORPORATION 


bars, space bar stops and buffers, top covers and 
base masks, cover hinges and latches and many 
other assembly operations. 

“Waste is ended, too. For example, just a bit 
too much pressure with air guns or the slightest 
angle when inserting ordinary screws, often caused 
stripping of the hole and a discarded space 
bar. Now, with P-K Screws, production is un- 
interrupted—rejections practically eliminated.” 


S» 


Field Engineer will be glad to discuss your ¥€ 


fastening applications—show you how you, 
too, can effect real savings. 


PARKER-KALON  seisenyn sorom 


Sold everywhere through leading Industrial Supply Distributors 





PARKER-KALON DIVISION, General American Transportation Corporation, Clifton, New Jersey 
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STRAITS 


TIN 
REPORT \~ 


New developments in 
the production, mar- 
keting and uses of tin 
BSUREAU 


Tin becomes gold when alloyed 
with copper to produce a 24-kt. gold 
brilliance for attractive decorative fin- 
ishes. The ratio of tin to copper is 12% 
to 88%. When the tin content is in- 
creased to 20%, «he alloy takes on a 
pale yellow hue. Tin-bronze is reported 
to eliminate the usual alloy plating diffi- 
culties. It is as easy to control as single 
metal deposition. 


* 


Superior to nickel plate in hardness and 
abrasion resistance—that is how the 
product of a new, highly decorative 
electroplating process is described. The 
new plating, successfully used for sev- 
eral metals, is a 50-50 tin-copper alloy. 
It maintains its original color up to 
its own melting point. 


* 


Exceptional resistance to salt spray dic- 
tated approval by the U.S. Navy’s Bu- 
reau of Aeronautics of an _ electio- 
«0 19% 
cadmium, 25% tin. This rugged alloy 


deposited cadmium-tin alloy . 


protects Navy hydroplane engines from 
the corrosive action of salt water. 


* 


Tin is tough. That is why a plating of 
tin is commonly applied to automotive 
pistons. It prevents damaging scuffing 
during engine break-in. The plating 
serves as a protective lubricant. 


-” 


Tin ME ws 
‘oot 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted on 
tin supply, prices, new 
uses and applications. 


The Malayan Tin Bureau 
Dept.14M, 1028 Connecticut Ave., Washington 6, D.C. 
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self-aligning sealing ring in direct con- 
tact with a mating slide. Metal-to- 
metal sealing surfaces continue to lap 
themselves with each operation, main- 
taining their sealing qualities indefi- 
nitely. Barksdale Valves, 5125 Alcoa 
Ave., Los Angeles 58, Calif. >529 


INTERNAL SOLENOID 
SHIFT MOTOR 


Model 450 features an internal sole- 
noid which assures immediate engage- 


ment of rotor and gear train when 
motor is energized. The same positive 
action is also assured wher. motor is 
de-energized, 
freely. 

Unit is compact—2 in. diam x 17% 
in. depth—and is available in num- 
erous speeds between 1 rpm and 180 
rpm. Output torque is rated at 9 in.- 
oz at 1 rpm. Bristol Motors, Old Say- 
brook, Conn. >530 


allowing train to run 


PROTECTIVE RELAYS 


Two classes of protective relays— 
Type CDG Inverse and Type VAR 11— 
are intended for use by utility and in- 
dustrial companies in controlling the 
distribution of electricity. 

Type CDG is an induction disk relay 


with inverse time characteristics and 
adjustments for time and current pick- 
up. Has application in the protection 
of a-c machines and _ transformers, 
either directly or as back-up to dif- 
ferential relays. Standard ranges of 
0.5-2 amp, 1.5-6 amp, and 4-12 amp 
are available each range adjustable 
in 7 steps. 

The VAR 11, designed for immediate 
reclosing of electrically-operated 
breakers, features anti-pumping—self 
reset and lockout if fault persists. 
Ratings are 48, 125, 250 volts d-c and 


415 and 230 volts a-c. Current burdens 
are: 115 volts a-c, 0.011 amp; 125 
volts d-c, 0.009 amp; and 48 volts d-c, 
0.035 amp. Federal Pacific Electric Co., 
50 Paris St.. Newark 5, N. J. >531 


MINIATURE TRANSISTOR 
AUDIO AMPLIFIER 


Audiotran amplifiers are tiny, her- 
metically sealed units constructed to 
fit into standard 7-pin sockets. Four 
stock units available with power out- 
put from 120 mw to 2.0 w. 

Units have power gains of 66 db and 
frequency responses from 175 eps to 
10 ke. Size of a typical unit is 154 
x 134 x 23% in. 


™_ 

Miniaturization achieved by mount- 
ing components on_ printed 
boards arranged in _ closely-spaced 
tiers. Units then foam-encapsulated to 
protect components from shock and vi- 
bration. Ferrotran Electronics Co., 693 


Broadway, New York 12, N. Y. ->532 


circuit 


ONE-PIECE INSERT NUT 
Lightweight one-piece insert nut has 
been developed for secondary struc- 
tural applications. Designed for fas- 
tening into fragile materials, wood 
and various plastics. 

Features 4 legs that penetrate wall 
of the installation hole at 2 different 
levels, providing max strength and 
positive penetration into base material. 

Stamped from a single piece of heat- 
treated spring steel and _ internally 
threaded to insure full thread engage- 
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Positive Protection 
Against Phase Failure 
and Phase Reversal 





Here is your answer 


The Allen-Bradley Bulletin 812 Type F, Type 
R, and Type RF relays provide positive pro- 
tection against the hazards to men, motors, 
and driven machinery, resulting from phase 
failure and/or phase reversals. 


The Bulletin 812 Style F phase failure re- 
lay employs a unique static sensing network 
that responds to all open phase conditions 
on a motor branch circuit and immediately 
removes the motor from the line... irre- 
spective of the load on the motor (including 
no load), or the circuit arrangement. This re- 
lay even responds to hard-to-detect primary 
failures on a wye-delta transformer with un- 
grounded neutral. Furthermore, the five- 
cycle response prevents nuisance ‘‘drop- 
outs’’ from transient fluctuations. 





( (UC\¢ 


The Bulletin 812 Style R phase reversal re- 
lay disconnects the motor from the line— 
whether it is running or not—when a phase 
reversal occurs anywhere in the system on 
the line side of the relay. Thus, it can be 
employed for a single motor, a group of 
motors, or an entire power system. In addi- 
tion, the phase reversal relay prevents the aT eae = 
motor from starting should phase failure ond Phacu: tiered 
occur while at a standstill—a vital feature for 
elevator applications. 


The Bulletin 812 Style RF relay combines 
the elements of Style R and Style F relays 
for protection against both phase failure 
and phase reversal. All Bulletin 812 relays 
are inherently ‘‘fail safe.’’ Send for complete 
information. 


Allen-Bradley Co., 1316 S. Second St. 
Milwaukee 4, Wis. 


In Canada: Allen-Bradley Canada Ltd. 
Galt, Ont. 


ALLEN - BRADLEY 


——> QUALITY = 


MOTOR CONTROL 


12-58-MR 
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“If we stick to 


pay — a =. = =a > 





Do nent 









...80 says John A. Bradner, 
President, Lees-Bradner Co., 
Cleveland, Ohio, machine tool n.anufacturer. 


““Yes, we have chosen Allen-Bradley controls. We use 
them, like them, and most thoroughly approve of them. 
We do our level best to see that they’re the ones with 
which LEES-BRADNER machines are equipped. 


“It has been our experience in over 25 years of pioneer- 
ing electrical rather than mechanical control of machine 
tools that, if we stick to Allen-Bradley, control troubles 
we are too apt to have otherwise—evaporate!”’ 


Lees-Bradner Gear Hobbing Machine, 
above, uses six motor control panels as- 
sembled from standard A-B components. 
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This is the electrical control panel for a 12-station The 78 operations of a huge Buhr Automatic 
Kingsbury Indexing Automatic which performs 19 op- Transfer Machine are controlled by this 
erations on an automatic transmission part. All the com- “special” electrical panel. All the compo- 
ponents in this panel are standard A-B control items. nents are standard Allen-Bradley units, 
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ment. Has a self-locking feature that 
permits removal and reuse of the 
screw. Calinoy Div. of Illinois Tool 
Works, 12917 Cerise Ave., Hawthorne, 
Calif. >533 
Borber ¢Greene f 


FM TELEMETERING 
TRANSMITTER 


Model TR-12 features true FM opera- 
tion and is crystal stabilized. Affords 
highly stable performance, with a 
tuning range of from 225 to 260 me. 


Power output is up to 4 w with a 


plate supply of 250 volts. Filament 
supply is 28 volts a-c/d-c at 400 ma. 
Spurious radiation is 60 db down or 
better. 
Design permits a full 125 ke devia- 
tion over a modulation range of from 
300 cps to 80 ke with only 1 per cent 
distortion. Input impedance is 0.5 meg, 
and output impedance is 50 ohms. 
Operating temperature range is —40 
to +180 F. Dimensions 2 x 3% x 5% 
in., weight 24 oz. Dorsett Laboratories, 
Inc., 401 E. Boyd St., Box 862, Nor- 
man, Okla. >534 BARBER-GREENE Depends on 
te led t 
to Power its Asphalt Batch 


AXIAL PISTON PUMPS Piants & Beit Conveyors! 


AND MOTORS 

: eis a 7 Despite the most torturous use, plus 

Known as Series 30, Series 10 and the constant hazard of dust and dirt, 

Series 60, integrated line of axial pis- Baldor Streamcooled Motors keep 

ton pumps and motors is designed famous Barber-Greene equipment 

for applications where precision, split- operating at top efficiency, 
day after day. 


This kind of superior performance has 
earned Baldor an enviable reputation 
among many outstanding 

heavy equipment manufacturers. 


If you have a power problem that 

demands the utmost in motor 

performance, perhaps Baldor 

can help you, too! 

second control of speed, torque, re- 

versal, acceleration or deceleration is 
required. 

Applications: hydraulic control of 

missile launching and handling de- 


vices and fire control systems. 

Design features: built in both con- BALDOR ELECTRIC COMPANY ef 
stant volume and variable volume 4353 Duncan Ave. St. Lovis 10, Missouri "Si en 
types; operating pressures of 3500 psi Over 400 Authorized Sales & Service Distributors in U.S. A. 


Find out why you get more with Baldor 
—write for FREE color catalog! 


with 5 per cent intermittent overload sin eatd Ie 

ic “8 . a istrict Offices: Atlanta « Chicago * Cincinnati » Cleveland + Dallas « Des Moines » Detroit Indianapolis 
to 4500 psi; overall : mechanical effi- Litchfield, Conn. « Los Angeles « Mi e Mi lis « New Orleans « New York « N. Kansas City, Mo. 
ciency at full load is 92 per cent; Oakland « “Philadelphia « Portland, Ore. 





DECEMBER 1958 Circle 170 on page 17 





Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


KIRKWOOD durable STEEL CORE or 
economical MOLDED CORE commutators are precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sparking 
and excess brush wear, safeguarding efficiency from 
source to load. 





Send us your prints for estimates on 
new commutator or slip ring designs for special ap- 
plications. 

KIRKWOOD commutators range from 

3¢’ to 50” in diameter. 





Write . . . Dept. E-128 


IRKWOOD COMMUTATOR core. 


4855 West 130th., Cleveland 35, Ohio 
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hundreds of 


Brevel variations; 


mM ot or tegen 


PROVIDES LOW-COST 
STO} Van VON MLO) ae. 


This gear-head motor, like all Brevel motors, is volume produced 
. to your exact specifications—or you can order from a wide 
stock selection. Modifications ore easily made to meet desired 
speed, rotation, shaft length, and type of application (continuous 
or intermittent). 
Write, wire or phone today, for informative bulletin EM-104. 
Better still, outline your problem or send us your specifications— BREVEL 


BREVEL PRODUCTS CORP., 601 W. 26th St., New York » WA 4-4737 
SLOW MOTION IS OUR BUSINESS! 
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volumetric efficiency 96 per cent. 
Denison Engineering Div., American 
Brake Shoe Co., 1160 Dublin Rd., 
Columbus 16, Ohio. >535 


NYLON BEARINGS 


Nyliners, being split to provide a com- 
pensation gap for the relatively large 
expansion and contraction of nylon, 
can be slightly compressed by hand 
and quickly snapped into place. In 


addition to lower initial cost when 
compared to metal bearings, this per- 
mits further savings in the cost of 
bearing installation. 

Can be used without lubrication, 
which affords savings by elimination 
of oil or grease fitting, lubricant pas- 
sages, storage wells and seals. Thom- 
son Industries, Inc., 1029 Plandome 


Rd., Manhasset, L. I., N. Y. > 536 


UNIVERSAL JOINT 


Simplex universal joint has a %¢6 OD 
with a static torque rating of 250 
in.-OZ. 

The forks of Simplex are non- 


magnetic stainless steel, and the ball 
is bronze. Simple, 3-part construction 
is designed for long wear and min 
backlash. 

Has overall length of one inch. Its 
max angle of operation is 20 deg. 
Available with standard bore *42 x %46 
in. deep, and also solid and oversize to 
meet special applications. Curtis Uni- 
versal Joint Co., Inc., 4 Birnie Ave., 
Springfield, Mass. >537 


SLOTTED LINE 


Type 1026 slotted line has a residual 
vswr under 1.01, and a rated error in 
detected signal under 1.005. Important 
surfaces on outer conductor are hand 
scraped to fine tolerance. Inner con- 
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If it’s the full treatment 
you're after, call a Hoover Man 


Whether it’s design . . . engineering ... die castings. No wonder more and more 


die making . . . production ... or inspec- | companies are depending on Hoover to 
tion, Hoover has an exceptionally quali- —_ get the whole job done—and done right. 
fied team of experts. And they’re backed How about you? If you need the full 
by 36 years of experience in turning out treatment—or any part of it—better call 
the highest quality zinc and aluminum a Hoover Man. 

© 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 
In Canada — Hamilton, Ontario 


DIE CASTING » HOOVER 


DECEMBER 1958 


Circle 173 on page 17 





CRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, Inc. 


WHY CLASS ABEC 7 BEARINGS? t 


Improved Running Quality in critical ap- 
plications is the reason why the An- 
nular Bearing Engineers Committee 
of the Anti-Friction Bearing Manu- 
facturers Association, Inc., has estab- 
lished Class 7 as the highest United 
States standard for manufacturing 
tolerances of miniature bal] bearings. 
Originally available only on order 
and at premium prices because of se- 
lection from ABEC 5 production runs 

. ABEC 7 bearings are now offered 
by New Mespehire Ball Bearings, 
Inc., as its minimum standard 
at no extra charge. 

An _item-by-item 
ABEC 5 and ABEC 7 standards 
clearly shows how closer tolerances 
improve running quality. 
(COMPARATIVE CHART) 


RING MEASUREMENT TOLERANCES 
ABEC 5 ABEC 7 
Both | 1.] Radial Runout (T1R) Max.| .0002” .0001”* 


comparison of 








Inner | 2.| Side Runout with Bore 0003” 0001” 
Outer | 3.| 0.D. Runout with Side 0003” 00015” 
Both | 4.| Parallelism of Sides 0002” 0001” 


Inner | 5.| Groove Parallelism 0002” 
with Sides 


0001” 


Outer | 6.) Groove Parallelism .0003” 0002” 
with Sides 


inner | 7.] Bore (!.D.) 00000”) + .00000” 
0002” | —.00015” 
Outer | 8.) 0.D. 00000”} + .00000” 
0002” | —.00015” 
Both | 9.) Width (individual Rings) 000” + .000” 

— .005” — £01°°* 


*ABEC 7 allows -_ pan runout for outer 
ring. We hold it to . 


**ABEC 7 allows — = : 























Radial Runout . . . the sum of a ring’s 
out-of-roundness and eccentricity 

is functionally important. In critical 
high-speed applications , it affects bal- 
ance and true running. In precise gear 
trains, it affects backlash and*some- 
times angular velocity ratio. In closely 
designed synchros and similar elec- 
trical equipment, it affects air gap 
control. Since most bearings operate 
with inner ring rotation, you’ll notice 
that ABEC 7 cuts the ABEC 5 allow- 
ance in half .. . from .0002” max. to 
.0001”. For the outer ring ABEC 7 
makes no change from Class 5’s .0002” 
max. However, modern race grinders 
work to a nominal zero runout and 
.0001” max. may usually be expected. 
Our inspection tolerance, therefore, is 
.0001”. This gives outer-ring rotation 
applications the same advantages as 
for inner-ring rotation. 

Perpendicularity of raceway planes to 
axis of rotation is a highly desirable 
feature. Its probability is determined 
by the interrelationship of Side Run- 
out with Bore (Inner Ring), O. D. 
Runout with Sides (Outer Ring), 
parallelism of sides and groove par- 


y 


Lik 


allelism with sides of both rings, when 
bearings are properly mounted and 
seated. If raceway planes are not 
perpendicular to the axis of rotation, 
stresses and torque peaks will be de- 
veloped within the bearing because 
of this misalignment unless radial 
clearance and enlarged raceway cur- 
vature are sufficient to compensate. 
This effect may be observed in clamped, 
preloaded duplex bearings by shifting 
the relative position of the rings, re- 
clamping and feel-testing. 

Notice that the five perpendiculari- 
ty features (2 through 6 in the chart) 
have much lower eoenes in ABEC 
7 than in ABEC These differences 
in angular nadecbaey mean much in 
running quality as bearings become 
smaller. For example, non-parallelism 
of .0002” on a 3%” O.D. (R 2 bearing) 
represents an angular error of about 
2 minutes. But, on a 3/16 O.D. (R 1 
bearing), the same allowance means 
4 minutes of angular error. That’s 
why ABEC 7 reduces allowances by 
one half or more. The importance of 
minimizing angular error is also re- 
flected in the AF BMA tables of allow- 
ances, which are generally reduced 
within each class as size of bearing 
is reduced. 

Envelope Tolerances (7, 8, and 9 in the 
chart) make little or no difference in 
running quality. The only ABEC 
change is from bore tolerance of plus 
0, minus .0002 in Class 5 to minus 
.00015 in Class 7. This permits mount- 
ing bearings to a narrower spread of 
fits. Although ABEC 7 allows the 
same O.D. and width tolerances as for 
ABEC 5, we have reduced O.D. tol- 
erance to plus zero, minus .00015” 
and, together with other manufac- 
turers of instrument bearings, have 
reduced width tolerance to minus .001. 
The latter minimizes variation in 
axial spacing of assemblies. 

Other Factors that affect running quality 
of bearings are not covered by ABEC 
standards. They include: truth of 
raceway geometry, surface finishes, 
retainer design and finish, radial and 
axial play and some ball qualities. 
These are discussed in our design 
handbook. 


DESIGN HANDBOOK 
OFFERED FREE 


You’ll find this up-to- 
the-minute, authorita- 
tive 70-plus-page pub- 
lication a great help 
in designing instru- 
ments or small electro- 
mechanical assemblies. 
Write to New Hamp- 
shire Ball Bearings, 
Inc., Peterborough 1, 
N. H 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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ductor supported by compensated di- 
electric pins. 

Furnished in lengths of 20, 40, 60, 
80, and 130 in.; available in standard 
characteristic impedances of 50 and 75 
ohms. 

Used 
measurements in 6% in., 34% in. 154 
in., and Type N coaxial transmission 
lines. Alford Manufacturing Co., 299 
Atlantic Ave.. Boston 10, Mass. 538 


with tapered reducers for 


DIGITAL VOLT-OHMMETER 


Transistorized 
features no 


digital volt-ohmmeter 
moving parts; bright in- 
visual display; 4 switch- 

voltage ranges; i 


line, in-plane, 
able bipolar 


switchable resistance ranges; auto- 


matic polarity indication; automatic 
decimal point indication and less than 
10 millisec reading time. 

Can directly drive printers, punches 
and memory storage units. Available 
in portable and rack-mounting modu- 
les. Epsco, Inc., 588 Commonwealth 


Ave., Boston 15, Mass. 539 


POWER PULSER 


DK 402 MOD I 
transistorized, high-current 
memory matrix driver with 
pulses up to 400 ma. 

The printed circuit card shown con- 
tains 4 separate 2-transistor blocking 
oscillator pulsers. The pulser “on” 
time is determined by the controlled 


pulser is a 
magnetic 
current 


power 


ELECTRICAL MANUFACTURING 





Cutler-Hammer presents ULTRAFLEX 


the spectacular STATIC. POWER 
Adjustable Speed Packaged Drives 


fom teh al, fem 7 Vi ae} 


Cutler-Hammer Ultraflex Packaged Drives 





provide outstanding savings in 


installation, operation, and maintenance 


Ultraflex Packaged Drives offer new oppor- 
tunities for quick, cost-cutting installations. 
Light, compact static power conversion com- 
ponents have replaced the conventional m-g 
set resulting in substantial savings in size and 
weight. Ultraflex Packaged Drives save up to 
50% in valuable floor area...up to 75% in 
weight. Ultraflex units require no balancing 
or alignment attention during installation. 

Ultraflex Packaged Drives provide a new 
high standard of operational efficiency and 
ultra-responsive speed control. Exclusive 
Ultraflex static power conversion systems guar- 
antee greater efficiency than ever possible with 
conventional drives. Every Ultraflex Pack- 
aged Drive works perfectly without forced 
ventilation which means less power is con- 
sumed as unwanted heat. Also, Ultraflex Pack- 

aged Drives are noise and vibration free. 
Dependable, maintenance-free performance 
is one of the most outstanding achievements 
of the all new Cutler-Hammer Ultraflex Pack- 
aged Drives. With Ultraflex Static Power 
Conversion Systems there are no bearings to 
lubricate. There are no commutators to 
service, no brushes to replace. There are no 
shafts to align, no couplings to maintain, no 
inertia loads to balance. There are no venti- 

lation fans, no filters to clean or change. 
Cutler-Hammer Ultraflex Packaged Drives 
ULTRAFLEX ° € 25 h are a * two ao ee be me E— 
. LEX e the 1 to 40 hp, low cost electronic type adjust- 
3 hp ULTRAF M 100 hp able speed drive and Ultraflex M—the 1 to 
— i 200 hp, ultra-efficient magnetic amplifier type 
adjustable speed drive. Both forms come 
CUTLER-HAMM complete with the Ultraflex control unit, 
heavy-duty D-c drive motor and operator’s 
control station. For detailed information, 
write today on your company letterhead for 
the new Ultraflex E Bulletin EN64-Z231 or 
the new Ultraflex M Bulletin EN65-Z231. 
CUTLER-HAMMER Inc., Milwaukee 1, Wis. 
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in solenoids! 


Many YEARS AGO somebody at Sylvania cussed at 
the crudities of conventional coils in traveling 
wave and klystron circuits. He started something 

. .. he actually pioneered the whole modern 
concept of force-cooled, foil-wound, low-weight 
solenoids for high-density magnetic fields. 


Through the years, the data, the experience, the 
facilities (and the customers) have piled up. We blush 
to say it, but people who compete fiercely with us in 
other respects buy Sylvania solenoids in droves for 
their own production lines! 


Sylvania has always worked harmoniously with tube 
manufacturers, who find that there’s a real advantage in 
using Sylvania solenoids under their own brand names. 
And we can’t see how quality control on coils can be 
carried much further than we practice it here. 


A lot of our solenoid work is hush-hush and 
super h-h., which should be assurance enough for 
systems designers who need extra-special coils 
for under-wraps projects. 

And how we welcome inquiries from you 
engineers in experimental work. We honestly 
believe that no group in America has quite the 








know-how and facilities on wafer coils that we 
have here. Can we help? 


SYLVANIA ¥ 


LIGHTING PRODUCTS 
a division of SYLVANIA ELECTRIC PRODUCTS INC., IPSWICH, MASSACHUSETTS 


Leader in Wafer Coil Manufacture 
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rate of flux-switching in a square-loop 
magnetic core. 

Each of the 4 pulsers is capable of 
switching 400 ma for a max period 
of 10 psec at a 20 ke repetition rate 
at 25 C ambient. Airtronics, Inc., 5522 
Dorsey Lane, Washington, D.C. —>540 


D-C BRAKES 


Line of d-c motor brakes features high 
rigidity, simplicity of adjustment, 
and easy servicing without disturbing 
torque adjustment. Line includes 10, 
13, 16, 19 and 23-in. wheel sizes. 
Utilizes a “nut-cracker” design, 
hinged at top, for equal distribution of 


applied pressure. Unusual mounting 
method holds shoes in spring-loaded 
sockets without depending on pins to 
connect them to the arms. Partial turn 
of wrench releases pressure so that 
shoes can be slid out to side without 
removing wheel. 

Brake coil is encapsulated in baked 
epoxy plastic. Magnet armature is 
hinged at top with widest part of air 
gap at bottom to allow dirt to fall 
free and not be trapped. Clark Con- 
troller Co., 1146 East 152nd St., Cleve- 
land 14, Ohio. > 541 


MINIATURE HIGH-VOLTAGE 
SUPPLY 
Transistorized miniature supply Model 
59 operates from 6 volts d-c and its 
output can be adjusted from 1000 to 
1500 volts d-c. 

Suited for use in portable instru- 
mentation devices requiring high volt- 
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Three-part bus bar contact 
assembly; triangular piece, 








EASY-FLO shim and base plate. 





Assembly under heat 


Note smooth, even fillet of completed 





EASY-FLO 
“Moves in All Directions” 
to Braze 


Bus Bar Contact 


Specialty Brazing Laboratory, Riverside, Connect- 
icut, brazes, among other things, a bus bar contact 
for Rolock, Inc., Fairfield, Connecticut, makers of 
fabricated metal products. While a relatively simple 
assembly, it points up the remarkable fluidity of 
Handy & Harman Silver Brazing Alloys. 

Both assembly components are copper. Base plate 
dimensions are 4” x 8%” x 2%”, and the 's” thick 
triangular piece is 3” on its base with 27,” sides. 

After cleaning, the joint area of the base plate is 
HANDY-FLUXED and ashim of Easy-FLO 45 is placed 
on the base plate and the triangular piece set upon 
the shim. Heating by Selas gas-air burners is done 
on a 50-second cycle. Alloy cost is approximately 


FIRST, BULLETIN 20 
This informative booklet will 
get you off toa good start on 
the values, techniques and econ- 
omies of low-temperature silver 
brazing. A copy awaits your 
request. 
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four cents per assembly. 

You’ll notice, in the photo of the completed assem- 
bly, how smooth the alloy fillet is. The capillary 
action of EAsy-FLO causes it to flow out in three 
directions, providing even joint penetration. This 
single fact (without going into the qualities of 
strength, conductivity, corrosion resistance, etc.) 
makes EASY-FLO a natural for electrical applications. 
Handy & Harman has, readily at hand, extensive 
data on the advantages of silver brazed joints for 
electrical applications. We are always ready and 
happy to discuss joining requirements and tech- 
niques with you. Your call or inquiry will bring 
complete and beneficial details. 


Source of Supply and Authority on Brazing Alloyser:::: > :.«: 


ATLANTA. GA 
BRIDGEPORT. CONN, 
PROVIDENCE. wR. 1, 


CHICAGO. MLL. 
HANDY & HARMAN ::::- 

DETROIT. MICK, 

LOS ANGELES. Ca.ir, 


General Offices: 82 Fulton St., Mew York 38, MV.  orncano, cari, 
DISTRIBUTORS IM PRINCIPAL CITIES saternaaas eattad 


MONTREAL, CANADA 
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LIBRASCOPE 


tal Ulelemellelie-t 
converters 


shaft to 
rolTeth¢- Um —laletelel—-1a— 


Four models 
7 - 19 bits 


Binary 
Coded 
Decimal 


now Five models 
0-1999 to 0-359,999 
capacities 


One model 
8-bits 


Features of Librascope Shaft Posi- 
tion-to-Digital Converters include 
serial/parailel time sharing, dou- 
ble brush pick-offs, no dead time, 
variety of codes, digital-analog 
and analog-digital conversions. 
They are designed for the transfer 
of data from a shaft position to a 
form suitable for digital compu- 
ters or data logging systems. Spe- 
cial converters are designed to 
meet customer requirements (in- 
cluding Sine Cosine). Please sub- 
mit desired characteristics. 


Write for Catalog E10-1 





IBRASCOPE 





LIBRASCOPE, INC., 40 E. VERDUGO AVE., BURBANK, CALIF. 
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| age at 





| Brooklyn 32, N. Y. 


low current, such as _photo- 

multiplier tubes, Geiger-Mueller tubes 

and other gas-filled detectors. 
Dimensions: 14% x 1% x 34 in, 


| exclusive of octal plug-base. Weight: 


6 OZ. 
ville. N. J. 


Components Corporation, Den- 
>542 


PRINTED CIRCUIT 
CONNECTORS 


Reliability and versatility are featured 
in the DEP series printed circuit con- 
nectors. Compatible with the 0.100 x 
0.100 grid system, automatic assembly 


and dip-soldering processes, either the 

plug or receptacle or both may be 

board mounted. 
Precision machined 


gold- 


contacts 


| plated over silver-plate with a MIL- 


approved insulation are positively 
polarized by layout and guide pins. 
Armel Electronics, Inc., 840 Fifth Ave., 
>543 


TRIGGER SWITCH 


Trigger switch No. X3245_ incorpo- 
rates the GE NE-77 special-purpose 
glow lamp. 

The switch is of 1-piece body-and- 
dome polystyrene construction. Its de- 


sign makes soldering lugs readily ac- 


| cessible. The GE lamp has a 3-elec- 
| trode 
| current, and will operate many thou- 
| sand times. Drake Manufacturing Co. 
| 1711 West Hubbard St., Chicago 22, 
| Til. >544 


structure, requires no heater 


VINYLS FOR APPLIANCES 


Pre-finished vinyl-on-metal in almost un- 


| limited choice of colors and patterns 


is offering new decorative possibilities 
to designers of appliances. 
Has a tough vinyl skin that is per- 


manently bonded to either aluminum 
| or steel. Can be stamped, 


sheared, 


formed, punched and worked in other 
ways, the same as ordinary aluminum 
or steel sheet. Available in many pat- 
terns and finishes, including emboss- 
ings combined with sparkling burnishes, 
non-reflective mattes and leather and 
wood grains. Is abrasion, stain and 
impact resistant. 

For refrigerators and other appli- 
ances normally finished in porcelain, 
vinyl-on-metal will reduce damage from 
chipping and scratching. Clad-Rex 
Corp., 2101 So. Indiana Ave., Chicago 
16, Il. > 545 


LINEAR ENCODER SYSTEMS 


Series of LE-100 linear encoder sys- 
tems is designed for accurately meas- 
uring and automatically recording 
linear lengths from 0 to 100 ft in 
14, 4e, or 0.001 in. increments. 
Accuracy is +1 count of the least 


significant digit. Printout is in feet 
and inches. The rate at which readings 
may be taken is determined primarily 
by recording device. 

When a Datex-Monroe Data/Log is 
used, approx 2 readings a sec may be 
taken. If desired, total in feet and 
inches of various individual pieces 
measured may be recorded on com- 
mand. G. M. Giannini & Co., Inc., 
Datex Div., 1307 So. Myrtle Ave.. 
Monrovia, Calif. >546 


AIRCRAFT HYDRAULIC 
PRESSURE SWITCH 


Features of Type 6512 are its enclosed 
snap action, broad adjustment range, 
high accuracy over a wide tempera- 
ture range, and good vibration per- 
formance. 

Offered in two types of sliding pis- 
ton hydraulic actuators—the lapped 


piston or the O-ring sealed piston. 
Both types have a seepage chamber, 
which is located between a high and 
a low pressure seal and vented to a 
return port. 

Switch operating point is adjustable 
within pressure ranges of 500 to 2000 
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_micro-alloy transistors from SPRAGUE* 


sarface harrier transistors 

















HIGH-SPEED, HIGH-GAIN 2N393 TRANSISTORS 


for modern computer circuitry 


Type 2N393 Micro-Alloy Transistors combine high gain with ex- 
cellent high frequency response to meet demands of high-speed 
computer switching applications in the megacycle range. Low sat- 
uration resistance, low hole storage, and exceptionally good life 
characteristics make micro-alloy transistors top performers in gen- 
eral high frequency applications, as well as computer circuits. 


D-C @ is remarkably linear up to 50 milliamperes collector current. 
The design of the 2N393 is particularly well adapted to direct-coupled 
logic circuitry. The polarities of the emitter and collector voltages 
are similar to those of PNP junction-type transistors. 


Both micro-alloy and surface barrier 
transistors are now being made in 
Sprague’s completely new semiconductor 
facility. Quantity orders for the popular 
types shown here are shipped promptly. 
Or get fast delivery on small quantities 
from your local Sprague Industrial Dis- 
tributor. 


For complete engineering data sheets 
of the types in which you are interested, 
write Technical Literature Section, 
Sprague Electric Co., 307 Marshall St., 
North Adams, Massachusetts. 


Sprague micro-alloy and surface barrier transistors are 
fully licensed under Philco patents. All Sprague and 
Philco transistors having the same type numbers are 
manufactured to the same specifications and are fully 
interchangeable. You have two sources of supply when you 
use micro-alloy and surface barrier transistors! 





2N128 


MIL GENERAL PURPOSE 
(MIL-T-12679A) 


2N240/SB5122 


FOR COMPUTER 
SWITCHING 


2N344/SB101 


FOR MEDIUM GAIN 
AMPLIFIERS 


2N345/SB102 


FOR HIGH GAIN 
AMPLIFIERS 


2N346/SB103 


FOR HIGH FREQUENCY 
OSCILLATORS 


® 
SPRAGUE COMPONENTS: R 0 G U F 


TRANSISTORS « RESISTORS « MAGNETIC COMPONENTS 


CAPACITORS « INTERFERENCE FILTERS e PULSE NETWORKS the itela 4 of reliability 


HIGH TEMPERATURE MAGNET WIRE ¢ PRINTED CIRCUITS 
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Another Gs) from PRECISTON 





Electronamic 


TUBE and TRANSISTOR CHECKER 


with PICTURE-TUBE BEAM-CURRENT TEST $ 


LOADED 

WITH THE 
FEATURES 
YOU NEED 


@ Ultra-Sensitive Gas Test Read Directly on Meter. 
@ Functional Testing of Voltage Regulator Tubes. 


TUBE TESTING FEATURES 


@ Positive, all-inclusive tube performance testing 
. not limited to mutual conductance alone 


@ Tests tubes over a complete path of operation 
. not at just one arbitrary point 

@ Actively tests all tube elements in PRECISION 
Electronamic tube testing circuit 

@ Tests all modern tube types 

. including sub-miniatures 

e Dual short-check sensitivity. Special low voltage 
short-check circuit guards against damage to 
tubes under test 


@ Built-in stainless steel pin-straighteners 
for 7 and 9 pin tubes 


@ Functionally tests voltage regulator tubes for 
voltage regulation at manufacturer’s specified 
current limits 


@ 5-window, geared roll chart provides conventlent 
reference for all tube and transistor test settings 


@ Ultra-sensitive gas test circuit directly detects 
troublesome gas content on sensitive PACE 
microammeter 


TV PICTURE TUBE TESTING 


@ TV picture tubes tested in specially engineered 
circuit — for picture producing beam current 
(requires optional accessory PTA picture tube 
cable adapter and PAA 110° socket adapter). 


ALSO 
AVAILABLE Code: FE 


id | 


@ Comprehensive Tube, Transistor, Crystal Diode, 
and Picture Tube Testing. 


TRANSISTOR AND CRYSTAL DIODE 
TESTING FEATURES 
® Designed in accordance with recommendations 
of leading semiconductor manufacturers 


@ Icwo readings directly related to true collector 
current 


@ Wide spread Icbo ranges cover all types of tran- 


sistors — low, medium and high power 

@ Wide range of collector potentials: 
5 volts DC to 160 volts DC in 22 steps 

®@ Direct-reading beta ranges: Employs separate 
injection currents for low and high power types 

@ Leakage: Reliable check of emitter to collector 
leakage current provides basis for accurate 
gain tests 

@ Crystal diode tests: 22 selected DC voltages 
for forward and reverse current tests in ac- 
cordance with manufacturers’ specifications 

@ Lever element selector system provides for ac- 
commodation of all present and future semi- 
conductor releases 


MODEL 10-60: Etched, satin-brushed aluminum 
panel. Sturdy carrying case with tool ¥R Teg 
and removable cover. Dimensions: 20 x 

Code: FRIA Net Price: 3195.00 


PICTURE TUBE TESTING ACCESSORIES AVAILABLE— 
Model PTA Picture Tube Adapter....Net Price: $7.75 


Model PAA 110° Adapter Net Price: $5.00 


MODEL 10-40 — Physically and electrically similar to Precision Model 10-60, 
but pies Hansister and crystal diode testing facilities. 


Net Price: $149.50 





PRECISTON apparatus Co., Inc. 


70-31 84th Street, Glendale 27, Long Island, New York 


Export: Morhan Exporting Corp., 458 Broadway, N. Y. 13, N. Y., U.S.A. 
Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 19, Ontario 
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psi and 2000 to 3500 psi. SPDT con- 
tact rating is 5 amp resistive or 2.5 
amp inductive at 28 volts d-c. Con- 
solidated Controls Corporation, Bethel. 
Conn. >547 


SWITCH FOR CAM 
APPLICATIONS 


The S30-97A snap-action switch offers 
long life and accuracy for linear cam, 
rotary and rotary pin actuation. Spe- 
cifically designed to accept cw and 


cew cam actuation with equal pre- 
cision. 

Positive stop protects switch mech- 
anism from damage due to excessive 
overtravel. Compact cam switch can 
be gang-mounted to provide electrical 
control for multiple circuit variations. 
Operating force can be varied from 
to 7 oz. 

Rated: 10 amp. 125 volts a-c; 5 
lea hp, 125/250 
volts a-c. Cherry Electrical Products 
Corp., 1650 Deerfield Rd., Highland 
Park, Ill. >548 


amp, 250 volts a-c: 


TRANSISTORIZED DIGITAL 
MODULE 


Serial memory package Model SM-10 


has 3 basic sections; a driver circuit, 
a magnetostrictive delay line, and an 
amplifier circuit. 
tion is mounted with delay line to give 


Amplifier-driver sec- 


a physically integrated package which 
plugs into one connector of the T-Bloc. 

Delays up to 560 usec are available 
in one SM-10 unit. Screwdriver adjust- 
+1 psec of delay allows 
final delay setting to be made quickly 
and easily. A small value of tempera- 
ture coefficient of delay makes opera- 
tion possible from 0 to 50 deg C or 


ment of 


ELECTRICAL MANUFACTURING 





How CDF Di-Clad' 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
| combination. 
Di-Clad 112T. A Teflon* glass-fabric laminate offer« 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


help you select the right grade for your application, 


?Trademark of Continental-Diamond Fibre Corporation 
*Du Pont trademark for its tetrafluoroethylene resin. 


| 
| Send us your requirements and let our engineers 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, CONTINENTAL- D IAMO N D FIBRE 


flexural, compressive, and impact strength. Adequate for most non-critical 
Printed-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. A SUBSIDIARY OF THE Aid! COMPANY « NEWARK 13, DEL. 





TYPICAL Di-Clad PROPERTY VALUES 





P Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon* 


BOND STRENGTH—0.0014” foil (Ibs. read. 6 to 10 6 to 10 6 to 10 
to separate 1” width of foil from laminate) 


8 to 12 


MAXIMUM CONTINUOUS OPERATING 120 120 150 
TEMPERATURE (Deg. C.) | 

DIELECTRIC STRENGTH (Maximum voltage | 

per mil for 1/16” thickness) | 


INSULATION RESISTANCE (Megohms) 96 500 150,000 | 600,000 100,000 75,000 
hrs. at 35°C, & 90% RH (ASTM D257, Fig. 3) 
DIELECTRIC CONSTANT 10° Cycles 4.5 ’ | 3.6 2.6 





900 | 850 650 700 











DISSIPATION FACTOR 10° Cycles 0.040 oa 019 0.0015 

ARC-RESISTANCE (Seconds) __ ; 5 ¥ ' 180 

TENSILE STRENGTH (psi.) = } ; ; 

FLEXURAL STRENGTH (psi.) ei ‘a 27,000 21,000 18,000 70,000 13,000 

IZOD IMPACT STRENGTH edgewise 80 0.45 0.42. 12.0 6.0 
(ft. Ibs. per inch of notch) } 











18,000 | 16,000 | 12,000 48,000 23,000 














COMPRESSIVE STRENGTH flatwise (psi.) | 32,000 28,000 | 25,000 62,000 20,000 





BASE MATERIAL OF LAMINATE Paper Medium-weave, Fine-weave, 
medium-weight medium-weight 
glass cloth glass cloth 


COLOR OF UNCLAD LAMINATE Natural Natural Natural | Natural | Natural 
greenish } | 











All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 











*Du Pont Trademark 
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miniature 


DC RELAY 


with full size contacts 


AVAILABLE 
WITH 
PRINTED CIRCUIT 
TABS 


Ideal for applications requiring compactness, sensitivity, easy 
mounting and economy. Features full-size contacts for wider 
range of use and longer life. Can be supplied with tabs for 
printed circuits. 





3 
6 


Sensitivity | Low Current Average 
Nermot |—__ — 7 + — + 


Veltoge 
Resistonce 


140 
560 
2230 





——+ 
Current 
Milliomps 


Current 
Milliomps 


Current 


Milliomps Resistance 


Resistance 


| 2 9 | 333 45 | 667 
; ow 36 | (166 18 333 
5 144 «|| 83 72 166 
| 576 42 | 288 | 84 

| 3304 | 15 1652 | oe | 

6050 | 18 | 


SEND FOR COMPLETE DETAILS 


OMA 


EBLECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 
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Power 
Current 
Milliomps. | 


Resistance t 
3 1000 

12 500 

48 250 


IR 








more, depending on length of delay, 
without use of temperature control. 
Computer Control Co., Inc., 92 Broad 
St., Wellesley, Mass. >549 


VINYL CABLE JACKETING 


Known as Resinite EP-145, polyvinyl! 
chloride material is described as an 
improved equivalent of Specification 
MIL-R-6855, Class II, Grade 60, syn- 
thetic rubber. 


Said to have from 11] to 31 times 


abrasion resistance of neoprene at vari- 
ous test cycles and, in actual use, is 
considerably lighter than neoprene. 

Lower specific gravity, higher tensile 
strength, and greater abrasion resist- 
ance permit thinner walls and use of 
less material. Remains flexible at tem- 
peratures below —100 F. 

Flame resistant and self-extinguish- 
ing, Resinite EP-145 also surpasses re- 
quirements for hot-air aging, hot oil, 
and hot water immersions. Available in 
red and black, from 14 to 1% in. 
ID. Borden Chemical Co., Resinite 
Dept., P. O. Box 1589, Santa Barbara, 
Calif. ->550 


SILICONE LAMINATE 


Economy-grade laminate Di- 
lecto GB-89S is made from a coarse- 
weave continuous-filament glass fabric 
bonded with a 
resin. Combines 


silicone 


laminating 
resistance to 


silicone 
high 


heat, flame, arc and moisture with 
good electrical and mechanical prop- 
erties. 

Available in sheets or molded shapes 
such as “U” channels, laminate is 
suited for such applications as ter- 
minal, mounting and spacer blocks for 
motors and generators; spacers for 
separating coils in dry-type transform- 
ers; terminal boards and switch bases 
in electronic equipment and dielectric 
heaters; and power devices such as 
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Republic Silicon Steel Uniformity 
Helps Meet 


Profitable production of laminated silicon steel 
cores for your products requires top-speed punch 
press operations. However, equally important are 
minimum rejects and interruptions to replace worn 
dies. Republic Cold Reduced Silicon Steels, 
because they provide maximum uniformity, enable 
you to meet all of these production objectives. 
Republic can assure superior uniformity in every 
grade of silicon steel for several reasons. For exam- 
ple, grades are initially set up by closely controlling 
open hearth operations and additions to the ladle. 
At the end of all processing, final tests are applied 
to verify that any given grade is exactly as planned. 
Result is magnetic, electrical, and mechanical 
predictability from shipment to shipment. 


Of all the steps required in the manufacture of 
Republic Silicon Steel, none is more impor- 
tant than continuous annealing. This process, 


REPUBLIC 


pioneered by Republic, is carried out under full 
electronic control of heat, atmosphere, and timing. 
Magnetic and mechanical uniformity are assured 
from edge to edge and end to end of each coil. 
Moreover, any required slitting of the coil is done 
before finalannealing to provide maximum freedom 
from cold work. This sequence of operations 
remains the same whether you specify full- or 
semi-processed Republic Silicon Steel. 


Finally, Republic maintains a complete labora- 
tory adjacent to the continuous annealing line to 
permit testing before, during, and after processing. 
Republic Silicon Steels are produced with “‘cus- 
tom” precision at mass production rates. 


For complete information on Republic Silicon 
Steels, contact your nearest Republic office, or 
write Republic Steel Corporation, Dept. EM-6021, 
1441 Republic Building, Cleveland 1, Ohio. 


STEEL ©) 


Weleli Widest Ripe of Steudard, Stools and Sto Ppodides 
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Synchros...another Kearfott capability 


accuracy...reliability 


Bar| Ps 


¥ 
— 


: 


Fae 


SYNCHROS FOR EVERY APPLICATION 


Kearfott offers the widest range of synchros in the industry. 
Ruggedly constructed of corrosion-resistant materials, they give 
unequalled performance under every environmental condition. 
For best characteristics and reliability, specify Kearfott for all 
your synchro requirements. Here are a few typical models: 


Size 8: .750” x 1.240”. 1.75 oz. —54C to +125C. 
Available as transmitter, control transformer, resolver, and 
differential. Max. error from EZ: 10, 7 and 5 minutes. 


Size 11 Standard: 1.062"x1.766”. 40z. —54C to +125C. 

Available as transmitter, control transformer, repeater, resolver 
and differential for 26v and 115v applications. Max. error from EZ: 
10,7 and 5 minutes standard, 3 minutes in 4-wire configurations. 


Size 11 MIL Type: Dimensions and applications same as above. 
Meets Bu. Ord. configurations: max. error from EZ: 7 minutes. 


Size 15 Precision Resolver (R587): 

With compensating network and transistorized booster 
amplifier, provides 1:1 transformation ratio, 0° phase shift. 
Max. error from EZ: 5 minutes. 


Size 25 Ultra-Precise: 2.478” x 3.187”. 45 oz. 
Available as transmitter, differential, and control transformer. 
Max. error from EZ: 20 seconds arc. 

Engineers: Kearfott offers challenging opportunities 

in advanced component and system developments. 


. 

KEARFOTT COMPANY, INC., Little Falls, N. J. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
SALES AND ENGINEERING OFFICES: 1378 MAIN AVE., CLIFTON, N.J. 
MIDWEST OFFICE: 23 W. CALENDAR AVE., LA GRANGE, ILL. 
SOUTH CENTRAL OFFICE: 6211 DENTON DRIVE, DALLAS, TEXAS 
WEST COAST OFFICE: 253 N. VINEDO AVENUE, PASADENA, CALIF, 
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switchgear and electric welders. 
Ranges from off-white to tan in color 
and is available with either a standard 
semi-gloss or special polished finish. 
Continental-Diamand Fibre Corp., New- 


ark 13, Del. >551 


HIGH-SPEED SWITCHING 
TRANSISTORS 


Line of n-p-n transistors for high-speed 
switching and high-frequency amplifi- 
cation comprises 12 computer types 
suited for logic-circuit and core-driver 
applications. 


rererreneent 
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These alloy-junction germanium 
transistors feature high current and 
voltage. flat gain and low saturation 
resistance. Use a welded JETEC TO-9 
package. Typical operating frequencies 
range from 4 to 12 mc, with max dis- 
sipations of 100 and 150 mw. CBS- 
Hytron, Danvers, Mass. >552 


SYSTEM BUILDING BLOCKS 
FOR HIGH/LOW 

FREQUENCY USE 

Each unit occupies 3.25 sq in. of panel 
space and is designed for use in digital 
systems where reliability is import- 
ant. All types have compatible signals, 


thus permitting use of high- and low- 
frequency units in one system. High- 
frequency units will operate at any 
frequency up to 5 me. 

As many as 25 plug-in units can be 
mounted in a single 5% x 19 in. chas- 
sis. Two power supply voltages are 
used for the system. Digital Equipment 


Corp., Maynard, Mass. >553 


SUBMINIATURE TRIMMER 
RATED AT 2 W UP TO 70 C 


The “750” has an 18-turn trimming 
adjustment screw. Clutch arrange- 
ment prevents breakage due to over- 
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This fastener 


works 
through thick and thin! 


Spring-Lock—the easy-to-use removable fastener for mod- 
ern designs— works whether panel thicknesses run over 
or under specifications! Spring wire deflects automatically 
to handle greater or lesser thicknesses. Spring-Lock’s de- 
sign flexibility makes it more than a fastener: it can be 
adapted as a shelf support, door strike, knob or any - 
1. Insert fastener. 2. Half-turn locks it in place. 


similar panel-mounted device. Many standard shapes and 


sizes of Simmons Spring-Locks are available from stock. With production costs on the uptrend, you can 
figure on Spring-Lock as an assembly time 


SEND TODAY for your copy of the NEW 40-page Simmons and money-saver, because: 


Catalog. Complete information, engineering drawings, @ Installation is BLIND 

and application data on Spring-Lock and other Simmons © Installation is EASY: no special tools are 

Fasteners. Engineering service is available. Samples on needed 

request. Installation is QUICK: a half-turn locks it 
in place 


Installation is SECURE: the spring steel 
’ locks the fastener, resists vibration 


Si put Mi ON Ss FASTENER CORPORATION 1752 North Broadway, Albany 1, New York 


QUICK-LOCK + SPRING-LOCK + LINK-LOCK + HINGE-LOCK +» ROTO-LOCK + DUAL-LOCK 
See our 8-page condensed Catalog in Sweet’s Product Design File. 
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excursion. Shaft torque: 5 in.-oz max. 
Eleven standard resistance values pro- 
vides a selection from 100 ohms to 
30 k ohms. 

Standard tolerance is +5 per cent, 
closer tolerance available. Resolution 
0.1 to 1 per cent, depending on re- 
sistance value. Temperature coefficient 
of wire is +20 ppm, standard. Tem- 
perature coefficient of trimmer unit is 
within +50 ppm. Operating tempera- 
ture —55 to +175 C. 

Case measures 0.180 x 0.300 x 1.000 
in. and complete unit weighs only 2 
grams. Dale Products, Inc., 1306 28th 
Ave., Columbus, Neb. >554 


THE FIRST COMPLETE | AC-DC DIGITAL VOLTMETER 
| Four-digit a-c/d-c digital voltmeter, 
H [ G H 5 ALTITU 1) E LI N E the DVA- ‘10. at Pic ace 0 


circuits and internal and_ external 
modular construction. 


Just seat Stackpole Quick-Filming 
Brushes and they’re ready for immediate 
high-altitude operation. Now available in 
5 basic materials groups, these brushes 
cover practically any high-altitude re- 
quirement, present or pending. 


Features include excellent commuta- 
tion; greater stability ; lower, more stable 
temperatures and materially longer life. 
Uniformly distributed high-altitude pro- 
tective ingredients reduce maintenance = 
and frequently add greatly to operating made to 4 digits and displayed on an 
stability at high temperatures. edge-lighted readout. A-C and polarity 


: i ce : symbols and ranging are automatic. 
Write for Quick-Filming Bulletin 21. 9 


A-C accuracy is 0.1 per cent or 2 

digits. D-C accuracy better than +1 

digit. Range is 0.0001 to 999.9 volts. 

GRADE 566 (Electrographitic series) Average readout time only 3 sec. Elec- 
. . . for long life . . . improved commutation tro Instruments, Inc., 3540 Aero Court, 
and operating stability . . . lower tempera- San Diego 11, Calif. >555 
tures ... minimized polarity effect. 


G RADE 497 (“Concentrated moly” series) CONTROL RELAY 


. . . for top performance on “‘trouble"’ jobs Designed to respond instantly to all 


Measurements are automatically 


momentary overloads, safe-load relay 


is applicable to nearly all types of 
SLUTS ELA (wictal craphite series) motorized applications, ranging from 


- +. for slip ring applications and low-voltage single-motor machine tools and con- 


commutating equipment. veyors to multi-motored transfer and 


automation setups. 
CULES creates Copper-Graphite Series) Action is controlled by a second or 


. - - for slip ring applications and very low- 
voltage commutating equipment. 


G RADE ES340 (Treated Silver-Graphite Series) 


. .. for slip rings requiring low, stable con- 
tact drop; also for very moist, very dry, oil 
vapor or other difficult environments. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS e 
BEARINGS @ GRAPHITE CHEMICAL ANODES e GROUNDING ANODES e 
POWER TUBE ANODES e SEAL & CLUTCH RINGS @¢ VOLTAGE REGULATOR 
DISCS e HEATING ELEMENTS e FRICTION SEGMENTS e CERAMIC MAGNETS 
© FERROMAGNETIC CORES e FIXED & VARIABLE RESISTORS @¢ WELDING 
CARBONS ... and many other carbon, graphite and metal powder products. 
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DECCO’S patented construction and finest quality materials have greatly extended the 
service life of the solenoid. Silicon steel laminations give top efficiency. Hardened 
beryllium-copper plungers reduce friction and wear. Shock absorbing construction assures 
long service life. Non-magnetic, stainless steel striker-plates . . . heavy Nylclad magnetic 
wire . . . high temperature flow-point, molded nylon bobbins, all contribute to the 
dependability and stamina which make DECCO solenoids the best buy in the market today. 


There is a type, model and size DECCO solenoid for every requirement. Write for DECCO 
brochures #572 standard models or #581 miniature models. 


— OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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New Designs 
from 


in Motors 


Many Standard 
Mountings 
Available 


Heavy Formex 
Windings. 


True Air Circula- 
tion System for 
Maximum Heat 
Dissipation. 


Af 


Pre-Loaded 
Bearings. 


Fan Blades Integrally 
Die-Cast with Rotor. 


Aluminum Die 

Cast Rotor 

Dynomically 
Balanced. 


For more information, write, 
or use Readers’ Service Card. 


HOLTZER-CABOT 


Heavy Stator End Rings. 


TYPE R-29 MOTOR 
2%" Diameter 


This motor is an ideal power source 
for recording timers, 
medical office equip- 
ment, blowers, tape recorders, com- 


instruments, 
instruments, 


equipment, etc. It is 
available in both 2-pole and 4-pole 
design, each in three stacking lengths. 
Type R-29 is a permanent split 
capacitor type available as an in- 
duction or synchronous motor. H.P. 
of various models ranges from 1/75 
to 1/30. Construction features are 
indicated below. 


munications 


Class “’A" Insulation for 
High Dielectric Strength 
and High Temperature 
Applications. 


Rugged, Precision- 
Machined Die-Cast 
End Caps for Flange, 
Base, Sub-Base, Resil- 
ient or Stud Mounting. 


Ample Width Flat. 


Husky, Sealed and 

Shielded Ball Bearings. 
Special Bearing Locking 
Plate Reduces End Play 
to that of the Bearing 
only, (Available on 
Special Order). 


Ample Clearance for Coil 
End Wire. 


Sales — Service Representatives in Principal 
Cities throughout the World 


MOTOR DIVISION 


NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
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“limiting” pointer which can be reset 
very close to actual normal electrical 
power required by drive. Does not in- 
terfere with indicating pointer’s move- 
ments across dial face of relay. 

Can be reset as instantly as it cuts 
off electrical current to drive involved. 
\ setting button makes it possible to 
set current-controlling pointer at any 
value desired. Baker Perkins Inc., 1000 
Hess, Saginaw, Mich. > 556 


SNAP-FIT MINIATURE 
CONNECTORS 


Snap-fit miniature connectors are de- 
signed for Air Force helmet earphones. 
Precision molding techniques and 


elasticity of Nylon FM 1001 have been 


combined to produce these connectors, 
in which a molded groove in each 
half of body assembly mates with a 
companion bead, molded inside shell, 
to permit assembly to snap firmly and 
permanently into place. 
Combined weight of 
female connector set is 


male and 
0.053 oz. 
Fluorecarbon Products, Inc., Div. of 
Tinited States Gasket Co., 602 N. 10th 
St., Camden 1, N. J. ->557 


ROTARY TRANSDUCERS 


Series of rotary transducers called 
Dynamag Rotopulsers count and meas- 
ure rpm, length, linear or angular posi- 
tion, belt speed, motor slip, and other 


physical quantities. When used with 


preset counters, tachometers or fre- 
quency counters, they provide accurate 
visual numerical readout of virtually 
any quantity desired. 

Nominal speed range, 2 to 30,000 
rpm, and over 60,000 rpm for momen- 
tary use (capacity over 5 million counts 
per min), with 1 to 1000 counts per 
revolution direct — no gears. Also fea- 
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Kelvinator gets big benefits from premix moldings 


Premix moldings are making an important contribution to 
performance of Kelvinator refrigerators. 


Strike mounting plates, tie-straps, tubing retainers and lock 
housings for the Kelvinator are all premix moldings. They've 
proved tough and resilient excellent shock absorbers. 
And their thermal insulating properties contribute to the 
economical operation of the refrigerator. 


When resins and reinforcing fibers are blended beforehand, 


moldings are stronger, wall thicknesses more uniform, weak 
spots are eliminated. Small and large, simple and complex, 
premix moldings are not only improving products but cut- 
ting costs for hundreds of manufacturers. 


If your product calls for strong, rigid, reinforced plastics, 
look into premix moldings made with Dow vinyltoluene or 
Dow styrene. Get the names of molders and suppliers from 
your nearest Dow sales office or write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Plastics Sales Dept. 2207]J-2. 


YOU CAN DEPEND ON 
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we ture torque down to 1 in.-oz and below. 
S42 For linear measurements, unit sup- 
—_— plied with any diam counting wheel 

and any number of individual teeth. 


PROJECT: Dynapar Corp., 5150 Church St., Sko- 


QUALITY ae MERCURY = 
CONTROL _- —— SWITCHES 


Mercury-to-metal and mercury-to-mer- 
cury contact switches are available 
stripped of their bakelite cases and 
either with or without leads. 

Sizes available from %_ to 3%4¢ 


in. long and 3% to %4 in. wide. Cap- 
acities include 1 amp at 6 to 24 volts 
a-c/d-c; 1 amp to 65 amp at 115 volts 
a-c; 0.7 amp to 52 amp at 230 volts 
a-c; and 5 amp to 33 amp at 460 volts 
a-c. 

Switches can be designed into an 
appliance so that the operating move- 
ments will make and break the circuit. 
Durakool, Inc., 1010 North Main St., 


RESISTAN ‘ Elkhart, Ind. >559 
Alloys" 


DPDT MINIATURE 10-AMP 
RELAY 


Magnetic construction and diversity of 
contact configuration provides single 
design for a wide variety of applica- 
| tions. Coil power from 480 mw _ for 
| 10 amp contacts through 80 mw _ for 


Better Performance ~ on every 
electrical and electronic application 


because... from ingot to final 
inspection, every test known to 19 


: 4 a ie li f 2 amp contacts to 50 mw for dry 
science safeguards the quality o circuit requirements. 


Wilbur B. Driver Precision Alloys. Rated —65 to 125 C; 100 g shock 
These tests assure performance as —30 c; 10 to 2000 cycles vibration 
specified! Why not consult a resistance. Meets or exceeds Mil R- 
Wilbur B. Driver sales engineer for 5757C and MIL R-25018. Babcock Re- 
recommendations on precision lays, Inc.. Costa Mesa, Calif. ->560 
alloys for your applications. par 


OS SERVO AMPLIFIER 
Chemical Laborator Speciali iets i 
We peecision D\ This servo amplifier for motors from 


Alloys 2 | ¥ to 3 hp has a response of 0.008 sec 

Wilbur B. Driver Co. “Smt | (4% cycle) and is flat to 20 cps reg- 
NEWARK 4, NEW JERSEY FA | ardless of power rating. Efficiency is 
ae | from 85 to 90 per cent and has smooth 


IN CANADA: Canadian Wilbur B. Driver Co., Lid. | Proportional control. Is able to main- 
85 King St. East, Toronto 1 tain exact 90 deg phase relation be- 
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Reliance 400-hp hermetic motor insulation of “Lecton’ resists 
refrigerants and oils—can be used at temperatures to 130°C. 


Excellent resistance to refrigerants at 
moderate cost makes “‘Lecton’’* acrylic 
resin-coated glass fabrics ideal insula- 
tion on hermetic refrigeration motors 
for Reliance Electric and Engineering 
Co. Tested for over a year by Reliance, 
**Lecton’’ proved the most satisfactory 
insulation for their line of up-to-600-hp 
refrigerant-cooled hermetic motors. 
**Lecton”’ is virtually unaffected by 
fluorinated hydrocarbon refrigerants 
and lubricating oils— performs continu- 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS «+ 


REG. U. 5. PAT. OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


DECEMBER 1958 


ously at Class B temperatures. Reliance 
uses “‘Lecton’’ for slot liners, top and 
mid-sticks, and as tape for wrapping 
pre-formed coils. 

Du Pont makes “‘Lecton’’-coated fab- 
ric products available in a variety of 
forms and thicknesses to meet a wide 
range of insulation needs such as slot 
liners, phase separators, end-turn insu- 
lation, preformed coil-insulating tapes, 
top sticks for motors and transformer 
layer insulation. All are highly resistant 


eereeeee 


Name, 


E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-812 
Fabrics Division, Wilmington 98, Delaware. 

Please send me more information on these new “‘Lecton’’-coated 
fabric insulation materials with superior refrigerant and temperature 
resistance. I am interested in using “‘Lecton’”’ fabric for 


to refrigerants, lubricating and trans- 
former oils and common solvents. 
*‘Lecton’’ can be used at temperatures 
up to300°F. Conditionsof relatively high 
humidity have little effect on its dielec- 
tric strength. 

For specific information on proper- 
ties of “‘Lecton’’ and how it may be used 
in your operations, mail the coupon or 
write: E. I. du Pont de Nemours & Co. 
(Inc.), Fabrics Division. Devartment 
EM-812, Wilmington 98, Delaware. 


*“LECTON” is Du Pont’s registered trademark for its acrylic resin-coated fabrics. 





Firm 








Address 





City 
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E] MICRO SWITCH Precision Switches 


Mercury 
Switches 


that solve widely 
different design 
problems 


























tween currents in control and reference 
phases of motor. 

Other features: controls both refer- 
ence and control phase of motor; in- 





250 DIA 









+4e verse-parallel connected _ thyratrons, 

New ultra-small! super-sensitive cuales 60-cycle a-c to motor; 2 
mercury switch AS603A7 transistors control entire power fed to 
servomotor; 60-cycle control signal 

This new switch, designed for vertical gyros, stable from 0.025 to 0.5 volts can control a 
platforms, missiles and rockets, is the most precise 14 hp motor from no load to full load. 


mercury switch available. Differential angle —.150° Diehl 


é ac ing , S > i 
max. Mass shift—.085 gm. cm. SPDT. It operates Manufacturing Co., Somerville. 


reliably at temperatures as low as —65°F. Hermeti- N. J. ?56l 
cally sealed contacts. Switch is unaffected by water 

vapor, dust, dirt, fungus and corrosive fumes. Rated 

at .225 amps., 30 vac, 400 cps. resistive load. COUNTER MEASURES FROM 
Weight—3.5 grams (including leads). Ask for Data 1 CPS TO 25 KC 


Sheet No. 153. 

Model 1301 counter has heen designed 

. for use by the engineer primarily con- 

AS417B series small cerned with measurements in the 

audio range from 1 cps to 25 ke. 

sah | general purpose Basic unit includes 4 multivibrator- 
363 

Pr mercury 


it 


= or —. switches 




















These switches can serve a wide range of applica- 
tions where small size is desirable. Capacity is 3 
amps. 115 volts ac or dc. Can be used for motors or 
solenoids. Low cost. Send for Data Sheet No. 114. type digital display units and_ their 
associated input and gating amplifiers. 
Options available include an internal 
1 sec gate generator (60-cycle line 




















531 DIA. frequency time base), and/or an in- 
ternal millisec time mark generator 
for measuring pulse widths. 

= 1.875 +| The 1301 is provided for relay rack 
Y . , mounting measuring 5144 x 19 x 7 in. 
This 7MP7-2 mercury switch with- Printed circuits used throughout. Aero- 
P ° ° tronic Associ Ss. -orporated. Con- 
stands shock; resists oil and water at Oe uae 
Embedded in synthetic rubber and enclosed in a 
nylon can. Resists shock, corrosive fumes, and TIME DELAY RELAY AND 
fungus. Unaffected by oil and water. Provides in- 
sulation and a seal for the lead entrance. Operates DISTANCE SENSING UNIT 
ae —35° to +200°F. Send for The timer on Model N10A is designed 
‘ : to perform two functions. Either a 
MICRO SWITCH... FREEPORT, ILL. time up to 3 sec and/or a distance 


A division of Honeywell 
In Canada: Honeywell Controls, Ltd. 
Toronto 17, Ontario 


Hy) Honeywell 


MICRO SWITCH PRECISION SWITCHES 


up to 200 ft can be pre-set on the 


a ae 
®ee O 


HP rrre- 
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Their aim... 





to give you MORE than a motor 
Tackling the Future—a job for Century’s Junior Board 


Carefully selected middle management men hold 
free-thinking, no-holds-barred discussions on 
Century Electric problems. Once a month, junior 
executives from production, design, finance, pur- 
chasing and sales get together to help build more 
benefits into the Century motor line. These benefits 
mean that when you do business with Century 
Electric, you get more than a motor. 


The Junior Board was organized to insure the 
continuity of new design and manufacturing ideas 


that have been the hallmark of Century Electric 
progress for over 50 years. The results are new, 
better and improved customer services, products, 
production methods and design. 


These are tangible benefits that Century Electric 
customers have learned to expect. In motor needs 
covering 1/20 hp to 400 hp, they know they’ll get 
more than a motor from Century Electric. For more 
information, contact your local Century Electric 
Sales Office or Authorized Distributor. 


CENTURY ELECTRIC COMPANY 
St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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SOLISTRAND* Terminals 
and DYNA-cRrimp® tools— 


the right combination... 


for electrical power generation and distribution 


Take any assortment of conductors—solid, stranded or irregularly 
shaped. Add one A-MP Solistrand terminal. Bring them together in 
the proper A-MP Dyna-Crimp tool. 

The result is always the same—an electrically-perfect, crimp-sure 
attachment at lower installed cost. Top performance even in adverse 
conditions. 

And Solistrand needs no servicing. This is especially valuable where 
you have power machinery that must be left unmanned for long 
periods. Check these important Solistrand features: 


@ Exclusive double-indented crimp weds Solistrand barrel to conductors 
in a never-fail attachment. 


@ Crimping action of Dyna-Crimp tools forces combinations of con- 
ductors into one homogeneous mass. It does this at exactly the right 
pressure—no more, no less—for maximum conductivity and maximum 
strength with no weakening of conductors. 


@ Solistrand terminals are scientifically engineered in sizes to fit wires 
from No. 22 to 600 mcm. 


And to serve you better, AMP maintains an international staff of 
field engineers capable of solving all your terminal problems. 


Write for our Solistrand terminal and connector catalog. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada « England « France e Holland « Japan 
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dials. When either is attained, a pulse 
of 22 amp peak is produced to fire 
squibs. 

The variable time delay relay pro- 
vides a delay of up to 3 sec duration 
and can readily be extended. Is accu- 
rate over temperature range of 0 to 
50 C. 

Distance sensor circuit has an ac- 
curacy of +5 per cent over tem- 
perature range of 0 to 50 C. By a 
double integration of output of an 
accelerometer, a voltage proportional 
to distance is obtained. Alto Scientific 
Co., Inc., 855 Commercial St., Palo 


Alto, Calif. > 563 


PRECISION TUBULAR 
CAPACITORS 


Tubular-type capacitors are designed 
for coupling, by-pass, and filter appli- 
cations in computers, servomechanisms, 


airborne electronics equipment and 
guided missiles. 

Available in Mylar and polystyrene 
in standard capacities from 0.001 to 
1.0 pf, in Teflon from 0.001 to 0.47, 
and in metalized Mylar from 0.005 to 
10.0. Also available in paper and 
metalized paper, and with a variety 
of impregnants. Condenser Research 
Corp., P. O. Box 161, 715 S. Oesting 
St., Seymour, Ind. >564 


THERMOCOUPLE FOR 
DIFFICULT MEASUREMENTS 
The Armorox thermocouple measures 
temperatures up to 2000 F at pres- 
sures up to 50,000 psi. This metal- 


sheathed, ceramic-insulated thermo- 


WIRE BRAID 





f 
| 








couple is easily bent around twice its 
own diameter to get into out-of-the-way 
places. 

Sheathing is available in stainless 
steel and Inconel in diameters from 
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Just the 


WAR for reducing 


circult 
termination 


a.>»,* 
a ee 


Send for 
more cost-saving information 
today. 


5 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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M46 to 4 in. and lengths to 30 ft. 
E EFAVE R Wire down to No. 30 AWG can be 
age 
used. | 
Available in Chromel-Alumel, iron- ETRY.) tilit 

BALL SCREWS constantan, copper-constantan, and al 
other materials. The Bristol Co.. 
e Waterbury 20. Conn. >565 





Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 


THE WORLD'S LARGEST 
and traversing. Consul- o.. be 
tation and engineering : z ’ FLOOR TYPE HORIZONTAL 


service available. Write 4 = lee 2s: ie 
S®@e: MILLING MACHINE USES 

6 BEAVER BALL SCREWS 

FOR POSITION CLAMPING 


AND 2 FOR SPINDLE FEED 


MULTIPLE PRESET COUNTERS 


Model 2020 for counting and control 














applications can be supplied with 
multiple groups of presetting controls 





for use in high-speed sequential pre- 
determining counting and control. 


ANY DIAMETER OR TRAVEL 


RAPID START 


A complete program can be preset 
for winding multiple tapped coils or 
for any event which requires a machine 
controlled at different predetermined 
counts. 

Available with various inputs, includ- 
ing photocell, mechanical contacts or 


pulses, and operates at speeds up to 
30,000 per min. Dimensions for Type 
2020 (illustrated) are: 13 in. high 
11 in. wide, 81% in. deep. Weighs 9 lb. 
Freed Transformer Co., Inc., 1730 
Weirfield St., Brooklyn, N. Y. 566 
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The same accurate posi- 
THERMAL-MAGNETIC tioning, rigidity and free- 


dom from backlash essen- 
CIRCUIT BREAKER tial in this huge Giddings 


Miniature 4000 circuit breaker rated and Lewis Model 1210- 
0.05 to 6 amp, 65 volts d-c/250 a-c FUAR with 10” spindle is 
may be used for automatic telephone available to you for im- 
systems, communication equipment, proving the efficiency of 
your equipment. Consulta- 
tion and engineering serv- 
ice. Write for literature. 
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Yeaver 
Drecision Drecision 
§ Droducts § Droducts 


i INC. i | INC. 
a CLAWSON, MICH. ra ee), Pile. B 
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EXTREME ACCURATE POSITIONING 
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AUTOMATIC CONTROLS FOR HEATING e COOLING » REFRIGERATION e APPLIANCES 


ogress in mastering climate and temperature 


must start with precision controls 





Wonders for all in a constantly changing world of 
progress .. . automatically! Engineers and designers of 
original equipment in the fields of heating, cooling, 
refrigeration and diversified appliances are hard at work 
on today’s realities and tomorrow’s dreams. At 
White-Rodgers, the creative tempo is equally swift, 


for the key to such progress is Control. 


And Control is our business. We design, engineer and 
produce, in volume, precision controls for many of 


America’s biggest and most progressive equipment 





manufacturers. We think you'll like the way we 


approach your needs. Let’s talk it over. 








isi t . 
vn cuneaite tee White WHITEVRODGERS 
doing today...and f , . , 
Ww rR St. Louis 6, Missouri + Toronto 8, Canada 


coming tomorrow. 


Write R. C. Sherer, Vice President... an area engineer is at your service. 
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New G-E NE-51H glow lamp 
gives 20 times more light! 


. .- without changing bulb size or shape! 


Do your customers complain that indicator lamps seem to 
fade out when general lighting goes on? Here’s a tiny but 
powerful glow lamp that’s built to make indicators more 
readable—even in today’s better lighted plants and homes. 

The new G-E NE-51H gives 20 times more light than 
the familiar NE-51 when operated with the recommended 
resistors. It has the same bayonet base, same rugged con- 
struction that stands up under shock and vibration—and 
it uses approximately %4 of a watt! Rated at more than 
5,000 hours, it’s ideal for machine tools, electrical controls 
and household appliances—plus hundreds of other appli- 
cations where a brighter indicator is called for. There are 
considerable advantages in size and space over larger 
lamps of equal brightness—and they fit standard holders 
—AC only. 

If you'd like more information on this versatile new G-E 
Glow Lamp, and how it can solve your indicator problems, 
write: General Electric Co., Miniature Lamp Dept. 
EM-128, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most /mportant Product 


GENERAL @® ELECTRIC 


and electronic control mechanisms. 
Thermal-magnetic characteristics as- 
sure protection against overload and 
short circuits. Circuit cannot be re- 
stored while short circuit exists. 
Features quick-make and quick-break 
plus intermediate position where work- 
ing circuit and signal circuit are 
tripped. Two NO and NC auxiliary 
circuits provide for visual and/or audio 
relase indication. E-T-A- Products Co. 
of America, 6284 No. Cicero Ave., Chi- 
cago 30, Ill. ->567 


DECADE COUNTERS 


Types DC-106-A and DC-106-B 110 ke 
counters with 10 outputs have been 
designed for military and commercial 
applications. Units are of modular 
printed circuit construction, with a 


shielded beam switching tube for max 
reliability. 

The 10 outputs will operate both 
local and remote Nixie indicators, 
provide direct operation of decimal 
printing devices or matrices, function 
as pre-set counters by addition of 
gating circuitry. 

Compatible with the present 1.1 me 
counter Type DC-105. Power require- 
ments have been reduced to 15 ma at 
300 volts. Burroughs Corp., Electronic 
Tube Div., P. O. Box 1226, Plainfield, 
eB >568 


LOW-FREQUENCY MONITOR 


Model 660 low-frequency monitor pro- 
| vides constant indication of frequencies 
| between 50 and 1600 cps with 5-place 
| resolution. Model 660-400 is specifically 

for 400 cycle monitoring and provides 

an accuracy of 0.01 per cent over 
| range of 396 to 404 cps. 
The 660 series uses the Nixie indi- 
cator for readout. A transfer storage 
| unit provides a continuous digital 
presentation. 
| Series consists of clock generator, 
| high-speed counter and series of digi- 
| tal dividers in addition to storage 
| unit. Monitored frequency read directly 


| from Nixies. Designed to fit standard 


| 19 in. rack and has panel height of 
| 5%4 in. Erie-Pacific Div., Erie Re- 
sistor Corp., 12932 So. Weber Way, 
Hawthorne, Calif. >569 
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NEW! For the Electrical “Specialist” 


15 Special tapes that meet every possible electrical need. 
A complete line that sticks fast, holds fast! 
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Now, 15 brand-new special electrical tapes are added to the Johns-Manville 
Dutch Brand line—providing a low-cost, high efficiency tape for every 
possible need! Backed by 100 years of experience in the insulation field, 
Johns-Manville offers you a special tape for each job . . . from isolating 
the elements of a transistor to insulating the field coils of a 100-HP motor. 
You choose the exact material, thickness, and width that proves most 
effective and economical in a particular application. Some Dutch Brand 
tapes are thermosetting; all have special adhesives to fit specific uses. All 
provide instant adhesion, permanent holding power, resistance to elements 
and last twice as long on the job. Johns-Manville Dutch Brand electrical 
tapes are made to new formulas, using the finest materials produced under 
rigidly controlled manufacturing conditions. 


Write for complete information on all 15 tapes today. Johns-Manuille 
Dutch Brand Division, 7800 South Woodlawn Avenue, Chicago 19, Illinois 


Jouns-MAnvILLE JM 


100 YEARS OF QUALITY PRODUCTS 1858-1958 RO 
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Laboratory 


and 
Engineering 
Equipment 





TRANSISTORIZED POWER 
SUPPLY 

These 
drawbacks of vibrators and dynamo- 
tors, since they 


power supplies eliminate the 
contain no moving 
parts. Their noise level is as low as 


that of a power transformer. Operating 
from a 6- or 12-volt battery, several 
models are available with output volt- 
ages of 150 to 400 volts d-c and output 
currents up to 265 ma. 

Measure 414 in. long x 134 in. wide 
x 314 in. high and weigh 24 oz. 
Arnold Magnetics Corp., 4613 W. Jef- 
ferson Blvd., Los Angeles, Calif. 570 


METALLIC RECTIFIER 
ANALYZER 


Metallic rectifier analyzers 
following circuit tests up to and in- 
cluding the 5 amp size rectifiers: 
visual dynamic voltage-current char- 
acteristic test; dynamic reverse cur- 
rent-leakage test; dynamic forward 
voltage-drop test; static reverse current- 


perform 


leakage test; and the static forward 
voltage-drop test. 

Includes 3 Weston meters, accurate 
within 1 per cent, a-c voltmeter (0 to 
1500), d-c voltmeter (0 to 1000), and 
d-c milliammeter (0 to 10 amp). 

Available in 2 models, S-101, self- 
contained, and Model S-102, designed to 
permit mounting above bench for 
laboratory remote testing. Cedco Elec- 
tronics, Inc., Erie, Pa. >571 


STRAIN INDICATOR 


Portable direct reading strain indicator 
Model DR-10 provides continuous in- 
dication of static and dynamic strain 
with a minimum of adjustment. 
Requires no warmup, operates with 


2 or 4 arm bridges, covers a range 
of 60,000 microinches per 
equipped with an oscilloscope jack 
and gage factor control and is suit- 
able for operation with gage resist- 
ances of 60 to 1000 ohms. 

Feature of the DR-10 is that it in- 
dicates a true average of oscillating 
strain down to a few cycles per sec- 
ond. Bytrex Corp., 294 Centre St.. 


Newton 58, Mass. >572 


inch, is 


TRANSISTORIZED MOTOR 
SLIP INDICATOR 


Accurate to one part in a thousand, 
motor slip can be read directly in 
large illuminated digital numbers on 
a panel through use of “Nixie” neon 
tubes. Reads resolutions in per cent: 
4 digit—0.01 per cent; 5 digit—0.001 
per cent. 

For greater accuracy, motor slip 
may be read in resolutions up to a 
few parts in 100,000 merely by in- 


creasing measuring time. For special 
applications, unit can measure slip to 
one part in a thousand in ‘oth of a 
sec by using a 1000-tooth rotary pulse 
generator. 

Operation around 2. vari- 
ables—frequency and motor speed. The 
proper count interval (depending on 
motor speed) is chosen by the rpm 


centers 


selector on panel. Dynapar Corp., 5150 


Church St., Skokie, Ill. ->573 


DUAL PRESET 
FREQUENCY COUNTER 


Model 620A electronic go-no-go gauge 


combines functions of a frequency 


counter and dual preset counter. Com- 


bination makes possible presetting and 
control of high and low limits of any 
frequency being monitored. 

It is possible, for instance, to control 
the high and low speed of operating 
motors or turbines at a sample rate 
of 10 times per sec. Control can be 
held to +1 ppm at rotational speeds 
up to 40,000 ppm. 

Other uses such as oscillator cali- 
bration, filter tolerances and frequency 
stability checks may be made quickly 
and accurately. Computer Measure- 
ments Corp., 5528 Vineland Ave., No. 
Hollywood, Calif. >574 


DRAFTING PENCIL 
Locktite Tel-A-Grade 9800SG has a 
long metal finger-grip to lessen finger 
fatigue. Spiral grip is designed with 
special serrations that require less 
pressure for holding the pencil. The 
aluminum finger grip is gold-plated. 
Finger-slipping, a major cause of 
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help you score more hits 


on your 


biggest target 


Assembly accounts for up to 80% of the total cost of 
production. For most manufacturers, it is the biggest 
target for cost reduction. 


If you are missing out on savings you could be making, 
why not get the expert assistance of Continental Assem- 
bly Specialists? 


You'll find them ready and able to analyze your fastening 
operations and offer practical cost-saving ideas. They'll 
show you why assembly-men everywhere agree, “You 
can count on Continental.” Write or phone: Continental 
Screw Co., 455 Mt. Pleasant St., New Bedford, Mass. 


CONTINENTAL 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


HY-PRO TOOL COMPANY... DIVISION 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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for 


\cost reduction 


NO “FAVORITE” FASTENERS 

Continental Assembly Specialists are unbiased 
toward any particular types . . . Continental 
makes all types. The fastener they recommend 
for your job is the one proved best by careful 
cost analysis. 


MORE STANDARDS IN STOCK 
Continental can supply any recognized standard 
type, style or size. Also, many fasteners ordi- 
narily considered “specials” are available among 
the millions of screws constantly in stock to 
meet needs of Continental customers. 


MORE “SPECIAL” EXPERIENCE 
Continental is known throughout industry as the 
“specialist in specials,’ — leads in production of 
special designs. Continental is also your supply 
source for special-purpose fasteners, such as 
HOLTITE NyLokK Self-locking Screws. 

MORE “SPECIAL” 

PRODUCTION FACILITIES 

With Continental’s modern, precision controlled 
equipment, many special shaped screws for- 
merly machined from bar stock can be produced 
faster, at lower cost — with higher tensile 
strength and excellent surface quality. 


MEMBER 
SCREW RESEARCH ASSOCIATION 
<< - Ss 


Zs 








HOLTITE PHILLIPS 
AND SLOTTED HEAD 


WOOD * MACHINE * TAPPING 
THREAD FORMING * 

SEMS * NYLOK 

HY-PRO PHILLIPS 

INSERT BITS AND HOLDERS 





the answer to your 4 
relay problems 3 
can be found. 


little black box 


What is in the black box? Price 
Electric’s new 1959 line of precision- 
engineered Husky Relays! 

In one compact display, you’ll see 
miniature relays, sub-miniature, 
micro-miniature, multipole, high 
current ...and many, many more. 
This is, in fact, a sampler from the 
one truly complete line of custom 
type, quality relays... the Husky 
line. 

The contents of this little black 
box are important to you. The man 
from Price Electric will show it to 
you... soon. 


for immediate service 
call Frederick, Maryland 
Monument 3-5141...or write direct. 


CORPORATION 
1500 Church Street 
Frederick, Maryland 
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weariness, is claimed to be eliminated 
with the Tel-A-Grade. Incorporates the 
features of all Locktites. A. W. Faber- 
Castell Pencil Co., 41 Dickerson St., 
Newark 3, N. J. >575 


ENVIRONMENTAL TEST 
CHAMBER 


With this equipment, components or 
completed items can be tested through 
a complete range of conditions and 
can be stored virtually anywhere with- 
out fear of deterioration. 

Internal working area is 15 ft high 


x 12 ft wide x 25 ft deep, permitting 
a large truck to deliver test item into 
chamber without double handling when 
necessary. 

Temperature simulation is provided 
between 100 and +200 F, with 
relative humidity simulation available 
between 20 and 95 per cent from +35 
to +185 F. American Research Corp.., 
Farmington, Conn. >576 


BROAD-BAND NOISE 
INSTRUMENT 


Detector-Integrator is designed for 
use in measurement of random noise 
over range of frequencies from 10 cps 
to 50 ke with a dynamic range of 


better than 50 db. Linear operation 
results in output proportional to aver- 
age value of input. 

Can be used as broad-band devices 
or in conjunction with various filters 
common to noise measurement tech- 
niques. 

Devices can be combined in several 
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EPOXY-Anaconda Magnet Wire for 
outstanding compatibility at high temperature 


Epoxy’s unique combination of dependable characteristics makes it 
suited to use in such equipment as totally enclosed motors, above; 
hermetically sealed relays, encapsulated dry-type transformers, below. 


Anaconda Epoxy Magnet Wire is particularly well suited to use in oil- 
filled transformers. Epoxy’s excellent behavior in transformer oils is 
but one of its many outstanding chemical characteristics. 


The compatibility, chemical stability, and thermal stability, 
of Anaconda Epoxy have been proved by some three years of 
actual field experience, plus seven years of research and develop- 
ment, in both military and civilian applications. 

Anaconda Epoxy (130°C AIEE Class B) magnet wire is com- 
patible with most well known insulations. It offers excellent 
resistance to moisture, transformer oils, acids, and alkalies. Tests 
of Anaconda Epoxy magnet wire with all impregnating varnishes 
tried to date have resulted in chemically compatible systems 
with no thermal deterioration of the Epoxy film. 

Epoxy’s unique combination of dependable characteristics 
makes it suited to a wide variety of difficult applications. Its 
Outstanding dielectric strength, its heat-shock, adherence, and 
flexibility properties make it an “‘all around” magnet wire for use 
up to 130°C in either open or closed systems. 

ROUND, SQUARE AND RECTANGULAR. Anaconda Epoxy magnet 
wire is available in the full range of round, square and rectangular 
sizes. It can also be furnished in combination with glass servings. 

If you have a difficult Class B application or a troublesome job 
at lower temperature that might benefit from some other char- 
acteristic of Epoxy, see the Man from Anaconda. Or write: 
Anaconda Wire& Cable Company, 25 Broadway, New York4, N.Y. 


BS385 


® 
ask THE MAN From AANACONDA about eroxy MAGNET WiRE 


For more detai/s on Anaconda Epoxy's unique combination of useful characteristics, please turn the page— 


ANATHERM 155°C (AIEE NYFORM 105° 


high temper e resistar superior 


FORMVAR 105°C (A ass ANALAC 105 


proven deper solderable magnet wire 






























































































































































































Anaconda Wire & Cable Co. 


IMPORTANT FACTS FOR YOUR WORK... 


MAGNET WIRE 
DATA SHEET 


from 


... about Anaconda Epoxy 130°C (AIEE Class B) Magnet Wire 


Anaconda Epoxy film-coated magnet wire is suitable for use in 
130°C (Class B) hottest spot operation. It meets MIL-W-19583 
requirements. Epoxy is compatible with other insulations and 
performs excellently in oils. It offers unusual resistance to mois- 
ture and has a higher resistance to heat shock than other Class B 
wires. This unique combination of properties makes it applicable 
to a wide variety of difficult applications. 


Oil filled transformers - Air conditioning systems where moisture 
is a problem - Refrigeration machines for operation with 
fluorinated hydrocarbon refrigerants - Totally enclosed motors, 
transformers, alternators - Encapsulated windings of virtually 
any type. 


Epoxy offers outstanding adherence and flexibility. It meets the 
exacting demands of abrasion resistance called for in high-speed 
winding machines. 


Epoxy magnet wires exhibit high dielectric strength—a minimum 
of 2000 volts per mil under dry test conditions. The following 
are dielectric constant and dissipation factor measurements at 
25°C and 50%, RH: 


Frequency Dissipation Dielectric 
Cycles per Second Factor % Constont 
60 0.37 4.63 
1,000 0.48 4.60 
10,000 0.96 4.55 
100,000 1.95 4.45 


Epoxy offers outstanding chemical characteristics. The Epoxy 
resins are characterized by their resistance to attack by com- 
pounds they may come into contact with when used in electrical 
apparatus. Epoxy shows exceptional resistance to 5% potassium 
hydroxide, 5% sulphuric acid, VM&P naphtha, ethyl alcohol, 
xylol, toluol. Epoxy wire has given excellent results in test pro- 
grams designed to determine the effects of fluorinated hydro- 
carbon refrigerants. Scrape abrasion resistance is high under 
Freon. Freon 22 dees not blister and attack the coating. Epoxy 
does not hydrolize in closed systems. 

Epoxy is Outstanding in its behavior in transformer oils. It 
will also withstand the action of lubricating oils at high tem- 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send me a copy of your Epoxy Magnet Wire Booklet. 


NAME & TITLE.......... 


COMPANY. . 


ADDRESS 


perature. In fact, such oils sealed in glass tubes with Epoxy 
wire and heated to 150°C do not damage the insulation, even 
when the oils have been contaminated by long use. 


Epoxy is a 130°C (Class B) magnet wire. This rating is based on 
AIEE test procedures. The wire is also intended for use at lower 
temperatures where the choice — .%.2%»»-——= SEs 
may be made to take advantage = 

of some other characteristic. 
It also can be used at higher ERE | f 
temperatures for shorter life or f | 
in some special applications 
Please refer to the thermal 
stability chart. a 
THERMOPLASTIC FLOW. Epoxy Bei 
magnet wire meets the 200°C « é 
minimum requirement of 7 
Specification MIL-W-19583 for 
130°C systems. / 
RETENTION OF FLEXIBILITY. Epoxy {/ 
magnet wire can be heated [Sduntarcte | 
for 168 hours at 125°C and = ===> 
then wound on its own diameter Ct t 
without cracking. 
HEAT SHOCK. Epoxy magnet ae ae —T 4 
wire offers outstanding heat 
shock characteristics, as indi- 
cated by the following table 
(Wires are stretched or not stretched, then wound on mandrels 
having X times the diameter of the wire and placed in an oven 
at 155°C for one hour): 


tability, Epoxy round magnet wire 


Prestretch % 1X 3x 5x 10X 
0 Pass Pass Pass Pass 

10 Fail Pass Pass Pass 

15 Fail Pass Pass Pass 

20 Fail Pass Pass Pass 

25 Fail Fail Pass Pass 


Epoxy magnet wire can be used when sealed in electrical appa- 
ratus where water is contained in other materials. Small coils in 
water at room temperature for 18.090 hours (2.1 years) main- 
tained a very high insulation resistance between the copper and 
water. Epoxy wires sealed in glass tubes with a small amount of 
water can be heated for a month at 150°C without destruction 
of the enamel coating. 


All-Epoxy insulation systems. Materials are now available to 
make possible complete Epoxy systems that offer superior thermal 
and chemical stability and maximum environmental protection. 
Detailed information available on request. 


SEE THE MAN FROM 


FOR MAGNET WIRE 
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analog com- 
3 units can 
output 


ways. For instance, in 
puter applications, 2 or 
be combined to produce an 
which is proportional to the square or 
cube of an arbitrary input. Chesapeake 
Shadyside, 


+577 


Instrument Corporation, 


Md. 


SPECTRUM ANALYZER 


A-F spectrum analyzer features true 
rms, average and peak readout, and is 
switch selected. It is of the 
type with center frequencies ranging 
from 40 to 32.000 eps. 


Characteristics of the 30, 


15.octave 


14-octave 





filters are: tops flat within +% db; 
steep sides with maximum slope of 120 
db per octave; skirt selectivity greater 
than 50 db per octave and greater than 
70 db per 2 octaves from center fre- 
quency. B & K Instruments, Inc., 3044 
W. 106th St., Cleveland, Ohio >578 


PRECISION PROBE 
Model 300E 


signed to measure accurately currents 


precision probe is de- 
less than 60 electrons per sec in fields 
of insulator, semiconductor, and atomic 
energy research. 

Feature of probe is that grid cur- 
rent requirement for input electrometer 
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New Modular Design 
IN PRESET COUNTERS 


ANY COMBINATION-Single or Dual 
2-3-4-5-6 Decades 


Applications—Industrial counting, sorting, batching, winding, 
packaging and other control functions. 


Check these Fealtives ~ 


v¥ WIDE RANGE-—From 0 to 5,000 cps on manual; from 0 to 


v 


2,000 cps on automatic reset. Range from 1 to 999,999 
counts. 


SIMPLICITY — 2 or 3 Decade Modular plug-ins, pluggable 
control unit and accessories provide maximum flexibility, 
ease of maintenance, high reliability. Dependable glow tubes 
for scaling and display. 


VERSATILITY — Photo-cell input; variable contact closure 
time; relay latching for “hold”; remote or local reset; plug-in 
batching registers and dual presets available. 


¥ COMPACT, LIGHT WEIGHT—The 4 decade unit is 6” x 12” 


x 13” and weighs 13 pounds. Other units in proportion. 


v¥ ECONOMICALLY PRICED—The Model 320 Series range in 


price from $375.00 to $650.00, F.O.B. Hawthorne, California. 


Write for detailed information and prices on Model 320 
and other ERIE Digital Instruments 


DIVISION 
ERIE RESISTOR CORPORATION 


MAIN OFFICES. ERIE PA A tA RIES ERIE. PA. © HAWTHORNE 
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GENERAL ELECTRIC 
SPEEDS PRODUCTION 
WITH 
3-D MICRO-VISION 


How B&L Stereomicroscopes help in 
assembly of ultra-precision transistors 


These skilled operators are doing a job that “just couldn’t be done 
without stereomicroscopes,” according to Norman Spoonley, foreman, 
Semiconductor Products Dept., General Electric Co., Buffalo. This 
critical phase of transistor assembly involves soldering a 1-mil nickel 
wite between a nickel tab and the .6-mil core of a .1” germanium 
pellet which, in turn, is fused between two 5-mil nickel wires. B&L 
Stereomicroscopes make it possible by showing enlarged views in 
natural 3D. Air-tight, dust-free design keeps images sharp, clear, un- 
distorted ... for full-working-day efficiency without visual fatigue. 
In assembly, quality control, inspection, some 100 B&L microscopes 
help G. E. mass-produce to highest precision standards. If you have 
small-parts assembly and inspection problems, you need B&L Stereo- 


microscopes. 


SEE FOR YOURSELF! 
MAIL COUPON FOR 
FREE 15-DAY TRIAL 


SHU OR LO) s cas ROQYES! 


Vv 


BAUSCH & LOMB OPTICAL CO. 

84736 St. Paul Street, Rochester 2, N. Y. 

(J I'd like to borrow a B&L Stereomicro- 
scope for 15-day trial without cost or 
obligation. 

[ Send me Stereomicroscope Catalog 
D-15. 

Name 

Title .. 

Company 

Address 
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tube does not limit instrument’s input 
impedance. 

Eleven scales cover 1-250 volts full 
scale with +2 per cent accuracy of 
reading. An output terminal provides 
a replica of input voltage accurate to 
0.02 per cent, for use with external 
oscilloscopes, low-voltage voltmeters 
and servo amplifiers. American Tran- 
sistor Products Co., 1540 Cassil Place, 
Hollywood 28, Calif. 579 


SUB-ZERO TESTING CABINET 
\ newly-modified, dry-ice operated 
sub-zero cabinet has a_ temperature 
range of +-200 down to —120 F. It is 
divided into 2  sections—a _ testing 
chamber located on one end, a dry-ice 


compartment on the other. Lid is fitted 
with a 5-ply Thermopane window for 
observing samples under test. 

Two sizes offered: one with a dry- 
ice capacity of 60 lb (work space 
dimensions 24 x 24 x 20 in.); the 
other with a 50 lb dry-ice capacity 
(work space dimensions 18 x 16 x 20 
in.). 

Constancy within the unit varies 
from +% F deg at —100 F to +1 deg 
at +200 F. American Instrument Co., 
8030 Georgia Avenue, Silver Spring, 


Md. >580 


LIQUID PROBE 


Liquid probe makes possible direct 
reading of the dielectric constant and 
dissipation factor of most non-conduc- 
tive liquids. 

Typical applications are: to dis- 


cover variations in batches of resins 
or oils; to check for contaminates in 
liquids; to sense liquid level; and to 
detect the presence of moisture in oils 
or fuels. Can be installed as a con- 
tinuous monitor to detect changes in a 
coolant or production processes. 
Probe is an attachment for the D-K 
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The Human Eye, Nature's inspiration 
for the camera, can convert wavelengths 
of blue-green light measuring as little as 
400 microns into visual perceptions that 
ore truly life-size. Yet this entire human 
mechanism occupies space less than 1” in 
diameter. 


Tiny New Potentiometer, shown 
actual size, is designed to add space- 
saving precision to missile and aircraft 
servo mechanisms. Two MPB bearings in 
it assure accurate, low-torque shaft rota- 
tion — a vitally important benefit in sub- 
miniature components. 


Man With Miracles. This is Maurice 
Hebert, one of MPB's Sales Engineers. 
He'll personally help you choose the cor- 
rect MPB bearing to reduce friction and 
increase the precision of your instruments 
— while keeping your operating costs low 
with trouble-free service. 


Miracles IN Mimi QtUuri Zatti OM GF ccres.cccor renee srmnan m rvconeres snows seo 


The Smaller The Better is often com- 
pletely true. Engineers now know that minia- 
turization is the surest method of developing 
new or improved components for many of the 
latest developments in modern industry. But, 
as components become smaller, the problems 
of maintaining high precision and long service 
life become larger — and the call for MPB 
bearings constantly increases. MPB answers 
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with the most experienced engineers in the 
miniature bearing industry, and advanced re- 
search facilities . . . producing over 500 types 
and sizes of bearings from %” O.D. down, 
with specials as required. We welcome your 
request for engineering advice, our catalog, 
or both. 

Write Miniature Precision Bearings, 
Inc., 612 Precision Park, Keene, N.H. 
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MINIATURE PRECISION 


VFB 


BEARINGS. INC 


Helps you perform miracles 
in miniaturization 
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do so many outstanding 
appliance manufacturers specify 


‘ORNISH 
~~ ee 


Coslome 


CORD SETS 


MADE BY ENGINEERS FOR ENGINEERS 


1 e d US, 


their STYLISTS emphasize decor-harmonit- 
ale Se) ke); Elate Mel: sign their ENGI- 
NEERS demand closer tolerance and ace- 
. their PRODUCTION men require 
their PURCHASORS insist 
all faithfully 


ctrical prope ‘melse) 
sur-} e) e}ilot-balelaMe- late me Es ice] o)h" 
reYotel ale) aallot:] Mecte) pam [ale Mm olonic) elcla- bald: :) a alot = 


ed, in one sweet package by CORNISH 


Don't take chances... CORNISH ‘em! 


ADEQUATE WIRING BUREAU 








CORNISH WIRE CO., inc 


EO G@altiads mS iactss New York 7, N.Y 








@ CHICAGO 
@ OETROIT 
@ PHILADELPHIA 


@ CINCINNATI 

@ KANSAS City 
PITTSBURGH 

@ WILLIAMSTOWN 


Producers of Quality Wire Products for Home, Farm and Industry 
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Analyzer, which measures dielectric 
constant and dissipation factor of 
solid insulating materials. Delsen 
Corp., 719 West Broadway. Glendale 
1, Calif. >581 


POTENTIOMETER LINEARITY 
TESTER 


Potentiometer linearity tester Model 
LT-2 is designed for use as a_ pro- 
duction inspection gage to determine 
whether potentiometers meet a_ pre- 
determined linearity tolerance. or for 


use as an analytical tool for evaluat- 
ing linearity characteristics of l-, 3- 
and 10-turn potentiometers in detail. 

Includes power supply, test voltage 
supplies and d-c amplifier, master po- 
tentiometer and angular position scale. 
Connections are provided for auxiliary 
recording of linearity data. Power re- 
quirements are 105/125 volts, 60 cps 
a-c, 300 w. Boller & Chivens, Inc., 
916 Meridan Ave., South Pasadena, 
Calif. 582 


MINIATURE TRANSISTOR 
POWER SUPPLY 

Only 3% in. sq and 1.7 in. high, power 
supply has no moving parts, glass 
tubes or vibrators. Uses printed cir- 
cuitry and a transistorized 2000-cycle 
L 


inverter-rectifier system. Self-starting 
at temperatures down to —55 C; rated 
for ambient temperatures from —55 to 
171 C. 

Two models available: TPS-1, which 
delivers 100 ma at 150 volts with 12 
volts nominal input; and TPS-2, which 
has rated output of 200 ma at 250 
volts with 24 volts nominal input. 

For both, overall conversion  eff- 
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ENGINEERING DATA 
Contact Ratings: 





Volts 


A.C. Amp 
N.O. 


eres 


N.C. 


D.C. Amperes* 
N.O. N.C. 





115 


10 


10 


6 5 





230 


10 


10 


1 1 





440 


10 


10 





600 


10 








10 














Non-inductive resistance loads. 








Coils: Standard A.c. coils for 110, 208-220, 440, 
or 550 volts, 50-60 cycles. Standard D.c. coils 
for 115 or 230 volts. Other coils on special order. 
Poles: 2 to 8, in all combinations of N.O. and 
N.C. contacts, convertible from N.O. to N.C. and 
vice versa. 


{Dimensions: 





A.C. 


D.C. 


Height Depth 





4 pole 


Me | 3% 





8 pole 


5'Ke" 32" 





4 pole 


5%" 3%" 











8 pole 








5%" 32" 








+Mounting centers for all models are identical. 
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*multi-pole 


“multi-purpose 


*multi-featured 


8 POLE A.C. 


Brand new, Type HR solenoid relays are Result-Engineered to function 
as the “heart” of any control system. The Type HR is designed as a multi- 
pole relay for piloting machine and process control components where 
ultra-long life and hi-speed operation are mandatory. 

Wiping action contacts insure high electrical reliability; nylon movable 
contact carriers—separate for each pole—and nylon armature guides mini- 
mize operating friction. And, you can add to these features, interchange- 
able a.c. and d.c. power plants with molded coils. 

Simple, fast, easy installation speeds assembly into your equipment, 
saves time, cuts cost. Accessible front connected coil and contact termi-- 
nals equipped with pressure connectors . . . no lead lugging needed! 

Four basic models with up to eight unitized poles maximum, conver- 
tible N.O. or N.C. contacts—completely enclosed to keep out dust and 
foreign particles—make the HR an unusually versatile relay line. 

Ask for Ward Leonard Bulletin 4470 for complete technical data. 
Ward Leonard Electric Co., 34 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd., Toronto.) “ae 
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HEATING 
PROBLEMS? 


Get help in a hurry 
from Chromalox 


1) SEE OUR CATALOG 


SWEET'S PLANT 
ENGINEERING 
OR PRODUCT 
DESIGN FILE 


OR WRITE FOR COPY 


Four pages of answers to aii types 
of industrial and comfort heating 
problems. Application information, 
design features, complete data on 
sizes, ratings, temperatures to 
1200°F. Controls and accessories. 
Also address listings of Chromalox 
Sales Engineering Representatives. 


Pcall your Chromalox Man 
for the answers 


For on-the-spot help, pick up the 
phone and call your Chromalox 
Representative. He has more than 
15,000 standard types, sizes and 
ratings from which to select the 
best heater for your job. 

For new or existing installations, 
Chromalox has: the world’s most 
complete line of electric heating 
. . . the world’s largest stock, for 
immediate shipment . . . personal 
“no obligation” assistance . . . fac- 
tory design-engineering service for 
special applications. Chromalox 
answers are fast, clean, safe, ac- 
curate and economical. Call your 
Chromalox Man or write today. 


2675 


Cc HR (oR. a ae 4 
Elect. Fpeat 


NOUSTRIAL + COMMERCIAL - RES 


EDWIN L.WIEGAND COMPANY 
753 0 THOMAS BLVD.. PITTSBURGH 8, PA. 
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ciency approx 80 per cent, output 
ripple 0.05 per cent, input ripple 0.3 
volt rms P. R. Mallory & Co. Ine 
DuQuoin, II. >583 


TRANSISTOR POWER SUPPLY 


Known as the Model 60A auxiliary 
supply, instrument will handle any 
four instruments simultaneously with- 
out interaction. The four outputs are 
individually filtered and additional fil- 


ter is provided for power supply 
proper. 

Regulated to provide a stable 12-volt 
d-c source comparable to output of a 
battery. Ripple is low (less than 200 
pv) and d-c source impedance is less 
than that of a battery. 

The 6 x 8 x 614 in. instrument uses 
printed circuitry and weighs 51% Mb. 
\lectra Div., Consolidated Electrody- 
namics Corp., 300 No. Sierra Madre 


Villa, Pasadena, Calif. >584 


VARIABLE POWER PACK 


Laboratory power pack features both 
a-c and d-c variable control in a 100 
w unit. 

“Lab-Pack” operates from a 110 volt, 


60 cycle outlet and provides output 
control from 0 to 130 volts a-c or from 
0 to 125 volts d-c. Full-wave bridge 
rectifier provides d-c. Rated at 1 amp 
for a-c and d-c. 

Pilot light indicator, on-off switch, 
and test leads provided. Unit fused for 
a-c and d-c. Electrol Specialties Co., 


South Beloit, Tl. >585 


PORTABLE VOLTAGE 
MONITOR 
Expanded scale frequency and rms 
voltage monitor is accurate within 0.1 
per cent. The frequency and voltage 
units may be operated singly and re- 
motely from each other. 

Has a useful frequency range of 40 


cps to 20 ke and a voltage range of 
1.5 to 500 volts. May operate at any 
point within the range of 40 to 5000 
cps. 

Feature of both instruments is in- 
clusion of adjustable high and low 
voltage and frequency limit control. 
Aerojet-General Corp., Turbo-Machin- 
ery Div., Azusa, Calif. >586 


DIGITAL VOLTMETER 


Accuracy and resolution of Model 81 
is 0.015 per cent over the 3 automat- 
ically switched ranges of +10, +100, 


and +1000 volts d-c. Input impedance 
is 10 megohms at all times. 

Output 
dot-projected visual readout and a 10- 
line decimal code. The visual readout 


presentation is by both a 


shows 4 digits, the polarity sign, and 
correct location of decimal point. Suit- 
ed for use in production testing, pre- 
measurements, _ tele- 
metry and alarm monitoring. Beck- 
man Systems Diy., 325 N. Muller Ave., 
Anaheim, Calif. >587 


cision research 


LOW-HIGH TEMPERATURE 

TEST CHAMBER 

Cascade-type test chamber is for low- 

high temperature 

—100 to +800 F. 
Heat dissipation is 1600 Btu per hr 


testing in range 


o) nH 


at —85 F, 500 Btu per hr at 100 F. 
Accuracy to within +2 deg F. Air 
cooled compressors assure ease of 
operation and blower motors externally 
mounted for accessibility. 

Working dimensions 18 x 18 x 18 in. 
(internal volume 3.4 cu ft). Insulation 
is 7 in. thick walls of high-density 
Fiberglas. Associated Testing Labora- 
tories, Inc., 112 Clinton Rd., Caldwell, 
N.J. >588 
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ELECTRIC SHAVER HOUSINGS COMBS FOR HAIR CLIPPERS TV SELECTOR DIALS 


...the tough new plastic for appliance parts! 


Write for IMPLEX booklet, technical assistance on specific applications, and names of qualified IMPLEX molders. 


Tough IMPLEX, a modified acrylic for injection molding, == 

offers cost reduction opportunities to manufacturers of rd Comte ir ee 

many types of home appliances. What’s more, cost reduc- ROH hE =& HAL © 
tion may be accompanied by performance improvement, =~ COMPANY 

for IMPLEX has a remarkable combination of physical WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
properties. It imparts excellent resistance to impact, 
staining and corrosion . . . exceptional toughness, stiffness 
and dimensional stability ... high surface gloss...and Canadian Distributor: Crystal Glass & Plastics, Lid., 130 
freedom from unpleasant odor. IMPLEX can be molded 2@¢n’s Quay Hast, Toronto, Ontario, Canada. 


IMPLEX is a trademark, Reg. U.S. Pat. Off. and in 
accurately to complex shapes. principal foreign countries. 


Representatives in principal foreign countries 


DECEMBER 1958 Circle 207 on page 17 














FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 
Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 





EPOXY COMPOUNDS—Table of 20 
epoxy compounds is available showing 
pot life, curing cycles, weight losses 
and gains, shrinkage, thermal shock, 
and other special properties and appli- 
cations. Data is a complement to re- 
cently published 6-page folder showing 
70 insulating and sealing compounds, 
their, properties and _ applications. 
Biwax Corp. > 625 


COLD FINISHED STEEL BARS—An 11 x 
17 in. wall chart lists all AISI grades 
of cold finished steel bars. Lists 241 
grades of steel bars which satisfy more 
than 95 per cent of all current manu- 
facturers’ specifications, as well as 
their complete chemical analysis. Ma- 
chinability ratings are also given in 
surface ft/min or as a percentage rat- 
ing compared to AISI Grade B1112. La 
Salle Steel Co. >626 


DIRECTORY OF AMERICAN COUNCIL 
OF INDEPENDENT LABORATORIES, 
INC.—The 7th Edition of the Directory 
of The American Council of Independ- 
ent Laboratories, Inc., is available upon 
request. Lists 500 individual services 
performed by one or more of the lead- 
ing testing and research laboratories 
in the country. American Council of 
Independent Laboratories, Inc. 627 
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LOGARITHMIC CONDUCTOR SLIDE 
RULE—Logarithmic conductor slide rule 
has been designed as an aid to selecting 
dimensions of aluminum foil or sheet 
for use in strip-wound electrical coils. 
Provides a ready means of converting 
from standard wire sizes in copper or 
aluminum to an equivalent aluminum 
strip conductor. Includes cross-sectional 
area of wire, and weight and electrical 
resistance of equivalent strip and wire. 
Aluminum Company of America. 628 


CONTROL-DISPLAY LAYOUT KITS— 
Ten-page booklet contains descriptive 
information, free samples and instruc- 
tions on how to use special plastic lami- 
nated pictorials of standard controls 
and displays. Describes a more efficient 
method for the layout of controls and 
displays on equipment panels and con- 
soles. Includes information on perform- 
ing maintenance analyses and_ sche- 
matic systems studies. Michelson-Peters 


Control Displays. 629 


PREVENTION OF DERMATITIS FROM 
EPOXIES—Twelve-page booklet cites 
hazards of epoxy dermatitis and lists 
36 specific and practical rules for pre- 
vention. Recommendations are grouped 
under 5 headings; education of workers 
and supervisors; company housekeep- 


ing procedures; ventilation; personal 
cleanliness of workers; and use of pro- 
tective creams and clothing. Milburn 


Co. ~>630 


CARBON AND’ GRAPHITE—Fifty-six 
page manual gives detailed property, 
application, and performance data on 
a wide range of carbon and graphite 
products. Describes how the basic 
qualities of the carbon atom form the 
basis for different carbon and graphite 
grades. Detailed applications for a 
number of mechanical, chemical, elec- 
trical, and refractory uses are described 
and_ illustrated. Stackpole Carbon 
Co. 631 


DESIGN-MAXIMUM SYSTEM FOR RAT- 
ING ELECTRON TUBES—Application 
Note AN-174, entitled “Design-Maxi- 
mum Rating Electron 
Tubes,” reviews the significant differ- 
between the 3 rating 
currently in use by the electron tube 
industry—the Absolute-Maximum, De- 
sign-Center, and Design-Maximum Sys- 
tems. The Design-Maximum System, 
which is the newest and latest, is dis- 
cussed in detail. Commercial Engineer- 


ing, RCA. ~>632 


System for 


ences systems 


SCREW THREAD SERVICE 
handbook reviews both 
facilities of each of three screw-thread 
metrology laboratories recently opened 
by the manufacturer. Booklet gives the 
reader a well-guided tour of the vari- 
needed for 
properly checking unified screw threads 
(Classes 3A, 2A, 3B and 2B), tapered 
pressure plugs (ANPT and NPTF), as 
well as special precision thread forms. 
Standard Pressed Steel Co. > 633 


-A 16-page 
function and 


ous precision equipment 


SELENIUM AND SILICON RECTIFIER 
POWER UNITS—Ten-page catalog on 
selenium and rectifier power 
units contains descriptions, data and 
specifications for standard 3-phase units 
and special low-voltage units, both with 
capacities ranging from %4 to 500 kw, 
and for single-phase units with capaci- 
ties from 14 to 3 kw. Also presents de- 
tailed information on special power 
units for underground operation. Syn- 
tron Co. > 634 


silicon 


TOROIDAL COILS, FILTERS, TRANS- 
FORMERS—Twenty-page product Cata- 
log 858 covers line of toroidal coils, 
filters, magnetic amplifiers, d-c to d-c 
converters and laminated transformers. 
Features illustrations of products, di- 
mensional drawings, performance curves 
and general environmental information. 
Communication Accessories Co. ~—>635 


CASTING ALLOYS—Sixteen-page book- 
let, “Metal Specifications And Practices 
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vietest 
Direct Drive 
Blower Motor 


Place a mechanic’s stethoscope on the end cap 
and you can easily hear the difference between 
the newly-designed Redmond Type AY and 
motors of conventional design. Try it on a Red- 
mond 1/6 hp—the noise level is about that of a 
1/35 hp motor of conventional design. 


New Kedmond Design Reduces Blower Vibration to 
One-Fifth that of units using Conventional Shaded-Pole Motors 


Apply vibration tests and you will be quick to agree 
that here is the quietest direct-drive blower motor 
available. The AY Tri-Flux motor is designed and 
manufactured in every way to give years of trouble- 
free service and whisper-quiet operation. The positive 
oil system provides force-feed lubrication. Recirculating 
the oil assures maximum bearing life. 


The graph shows vibration test results on the 
new Redmond design and two competitive motors. 
These tests were made with the best vibration testing 
equipment available. The solid black bar shows vibra- 
tion on the motor end cap; the gray bar shows vibration 
on the blower housing. The graph is decibel readings on 
120 cycles, since the 120 cycle frequency is the one that 
is the basic source of nearly all noise problems. Reduc- 
tion of vibration is a logarithmic function—the reduc- 
tion of vibration in the Redmond motor to 33 decibels 
reduces noise to only 1/5th that of conventional motors. 


The new AY is ideal for a wide variety of appli- 
cations requiring a whisper-quiet, economical, 
high-quality motor. Contact us at Owosso, Michigan, 
and we will have the Redmond sales engineer in your 
district call you at once. 
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Redmond Competitor Competitor 
Type AY Motor A Motor B 


The Standard of Dependability 
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HOW UP-TO-DATE IS 


YOUR CONCEPT OF 
RELIABILITY? 


Why is reliability more important today 


than ever before? 


How can a manufacturer be sure of getting 


reliability in the silicon rectifiers he buys? 


What is meant by “‘reliability safety factor’’? 


Does miniaturization affect the reliability 


of silicon rectifiers? 


Is there a reliable tantalum capacitor priced 


for industrial applications? 


How did one manufacturer get twice the 
capacity in a solid tantalum capacitor with- 


out increasing the case size? 


The answers to these questions will 
be found on the next three pages 


in the Fansteel Advertisements. 
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In The United States” by Roger F. 
Waindle, summarizes lecture material 
presented by Mr. Waindle to the 1958 
meeting of the European Investment 
Casters Association. Text, graphs, 
photo-micrographs and electron micro- 
graphs describe the development and 
standardization of casting alloys used 
in the United States. WaiMet Alloys 
Co. > 636 


SYNCHRONOUS MOTORS AND CON- 
TROLS—Twenty-seven page booklet, 
“Synchronous Motors and Controls,” 
contains motor selector charts, applica- 
tion data, and formulas for calculating 
power factor. Presents a quick sum- 
mary of types and features of motors 
and controls. Includes a discussion of 
power factor correction; factors to con- 
sider in selecting the motor; and special 
application problems. Westinghouse 
Electric Corp. > 637 


MAGNESIUM IN ELECTRONICS—*Mag- 
nesium in the Electronics Industry,” a 
20-page booklet, describes the use of 
magnesium in airborne and _ air-trans- 
portable electronics equipment. Dis- 
cusses properties of magnesium that 
make it a useful metal in such applica- 
tions and shows pictorially where mag- 
nesium is being used in electronics to- 
day. The Dow Chemical Co., Mag- 
nesium Dept. > 638 


SMALL ALLOY TUBING—A “know- 
how” data book on small alloy tubing, 
“Precision Tubing For All Industries,” 
discusses the drawing, annealing, fin- 
ishing and testing of small alloy tub- 
ing. Also covers the properties to look 
for in selecting the tubing and lists 
typical applications. Precision Tube 


Co. > 639 


AIR MOVING UNITS—Sixteen-page il- 
lustrated Bulletin 5412 describes a line 
of special-purpose air moving units. 
More than 50 designs are illustrated 
and described, including packaged 
centrifugal blowers, vaneaxial fans, 
tubeaxial fans, propeller fans, pressure 
blowers and fluid coolers. Specifications 
given include capacity range, operating 
speed, construction features and typical 
applications. American-Standard, Amer- 


ican Blower Div. > 640 


PORCELAIN ENAMEL—To aid design 
engineers in acquiring information on 
protective coatings, reference file en- 
titled “Porcelain Enamel Engineering 
Data” includes a series of engineering 
data bulletins, reprints of informational 
literature about porcelain enamel and 
a copy of a new manual, “Porcelain 
Enamel and Ceramic Coatings.” Mate- 
rial covers general information, listings 
of porcelain enamel products, character- 
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istics and properties. Porcelain Enamel 
Institute, Ine. > 641 


FRACTIONAL HORSEPOWER MOTORS 

Revised, 8-page Bulletin 1021-B de- 
scribes and illustrates in detail the 
construction of a-c and d-c Type N 
fractional hp motors. Can be furnished 
with almost any type of winding split- 
phase, capacitor, and polyphase a-c 
motors: shunt and compound d-c mo- 
tors: and series wound motors for both 
a-c and d-c. Bodine Electric Co. ~>642 


DIE CAST AND MOLDED PLASTICS 
PARTS—New edition of “Small Parts 
for Industry” bulletin covers a wide 
variety of zinc alloy die cast and 
molded thermoplastic products. Divided 
into 2 sections: Section 1—parts made 
to customers’ specifications; and Sec- 
tion 2—standard products available 
from stock. Section 2 includes a variety 
of unusual fastener types, gears and 
pinions, bushings, insulation compon- 
ents, and bearings. Gries Reproducer 
Corp. > 643 


BOBBINLESS PRECISION RESISTORS 

Resistor Brochure GR-20 contains basic 
engineering theory on precision bob- 
binless wire-wound resistors. Includes 
characteristics, performance curves, 
dimensional drawings, construction, fa- 
cilities. applicable military specifica- 
tions. General Transistor Corp. > 644 


FLEXIBLE CORDS AND PORTABLE 
CABLES—-Bulletin 1108 is a 64-page 
manual that deals completely with a 
line of mold-cured Okoprene  (neo- 
prene) sheathed cords and cables. In- 
cluded are dimensional data, engineer- 
ing information, and splicing and ter- 
minating instructions. The Okonite 
Co. >645 


AXIAL FLOW FANS — Four-page Bul- 
letin No. 5802 describes line of axial 
flow fans which provide high air dis- 
placement and pressure for cooling, 
heating and ventilating. Included is a 
table of electric motor specifications for 
27 volt d-c, 400 and 60 cycle a-c, and 
special models. Pesco Products Div.. 


Borg-Warner Corp. > 646 


DIGITAL VOLTMETERS Short-form 
catalog describes and prov ides specific a- 
tions on line of “Oil Bath Stepping 
Switch” type digital voltmeters, ohm- 
meters, ratiometers and _ associated 
equipment. Also offers a speedy refer- 
ence on digital voltmeter characteristics 
and includes an instrument selection 
chart and ordering information. Non- 
Linear Systems, Inc. > 647 


INSTRUMENTATION TAPE RECORDER 
—Four-page technical brochure de- 
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this one never faltered 


Like a chain with one weak link, the malfunction of a 
single component in today’s complex electronic gear 
means an aberration ranging from “‘slight’’ to ‘‘cata- 
strophic.”” That’s why, in much of today’s equipment, 
particularly in military gear, component reliability takes 
precedence over all other considerations. 

It is towards this goal of absolute reliability that 
Fansteel Silicon Rectifiers are engineered and produced. 
To achieve Fansteel’s ‘Reliability Safety Factor” no 
check, no test and no precaution is omitted. If your 
product cannot tolerate component failure, Fansteel 


Silicon Rectifiers are your logical choice. 


= 


The new Fansteel 1N1600 series Silicon Rectifiers are 
conclusive evidence that it’s possible to get sub- 
miniaturization without affecting reliability. Fansteel’s 
Write for Bulletin 6.302 unfailing reliability has been built into this smallest 
of silicon rectifiers rated at 750 milliamperes with a 
peak reverse voltage range of 50-600 volts, and an 


operating temperature range up to 165°C. 


~ 
~ 


RELIABILITY | 


FANSTEEL METALLURGICAL CORPORATION North Chicago, 11) 
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The Fansteel 
“PP” Type 


PROVEN 

RELIABILITY 
SINCE 1949 The New 
Fansteel 


BLU-CAP* 


WITH THE 
SAME BUILT-IN 


RELIABILITY 


BUT PRICED FOR 
INDUSTRIAL APPLICATIONS 


The new Fansteel Blu-Cap Tantalum Capacitor offers 
significant economies in any application where wider ca- 
pacity tolerances are permissable. These savings are made 
possible because the tolerance range has been broad- 
ened to—15% +75%—but the increase in range is only 
on the plus side and not on the important minus side. 
As with all Fansteel Tantalum Capacitors, the Blu-Cap 
more than meets today’s demands for high reliability. 
You can get all the details about today’s biggest value 


in tantalum capacitors in our new Bulletin 6.120. 


* Trademark 


FANSTEEL METALLURGICAL CORPORATION North Chicago, 11) 
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scribes characteristics, specifications 
and operating features of Model C-100 
series of instrumentation tape recorders. 
Describes how the system utilizes a 
tape transport unit with dynamic brak- 
ing. Also lists complete engineering 
specifications. Mincom Div., Minnesota 
Mining & Mfg. Co. > 648 


FLOW SWITCHES— Bulletin FS-1 covers 
line of flow switches which respond to 
flow of liquid in a pipeline to make or 
break an electrical circuit. They can 
be used to light signals. sound alarms, 
start or stop motors, burners or meter- 
ing devices. As a typical example, their 
use in an air conditioning system is 
shown in detail. McDonnell & Miller, 
Inc. > 649 


TIME DELAY RELAY—Bulletin No. 
376-100 describes an electronic time 
delay relay that provides instantaneous 
recycling and delay times from 50 
millisec to 50 sec (factory preset). In- 
cluded are features. specifications and 
dimensional drawings. Master Special- 
ties Co. > 650 


MINIATURE FAN—Catalog sheet No. 
50201-3A describes the Aximax-3 fan, 
which delivers 165 cfm free delivery 
when turning at 20,000 rpm. Fan is only 
2.8 in. in diam, 2.3 in. deep and weighs 
14 oz. Illustrated with mounting fea- 
tures and performance curves. Rotron 
Manufacturing Co. >651 


ELECTRO - MECHANICAL ASSEMBLY 
KITS—Sixteen-page Catalog TDS 1110-1 
provides features and specifications on 
all Servoboard electro-mechanical as- 
sembly components. Included are 
mounting components, component hang- 
ers, component clamps, bearing hangers, 
shaft components, gears, service units, 
limit stops, switch assemblies and 
clutches and differentials. Servo Coro. 
of America. > 552 


HIGH-STRENGTH PHENOLIC RESIN 

Eight-page Bulletin 1100 provides com- 
plete technical data and recommended 
fabrication techniques for V-204 resin 
pre-impregnated on 181 glass fabric 
with an A-1100 finish. The bulletin 
compares the mechanical and physical 
properties to Military Spec Mil-R-9299. 
V-204 pre-impregnated fiberglass cloth 
will meet Mil-R-7575, as well as high 
heat phenolic Mil-R-9299 using an A- 
1100 finish. Eli Sandman Co. > 653 


TEST EQUIPMENT—Brochure No. 2060 
covers the complete line of volt-ohm- 
meters, vacuum tube volt-ohmmeters, 
microtesters, refrigeration and air con- 
ditioning test equipment. Designed pri- 
marily for the electronic, electrical, air 
conditioning, and heating equipment 
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industries, brochure is easy to read and 
to use. Simpson Electric Co. > 654 


SMALL, COLD-DRAWN TUBING — 
Twelve-page Selection and Application 
Guide for small-diameter tubing desig- 
nated as Bulletin 41 gives the form 
characteristics and applications of 63 
standard and 26 special materials cold- 
drawn into small tubing. Materials are 
grouped as carbon, alloy and stainless 
steels; nickel and nickel alloys; cop- 
per-base alloys; glass-sealing alloys. 
and reactive metals. Superior Tube 


Co. 655 


MICROWAVE AND ELECTRONIC 
EQUIPMENT Microwave equipment 
catalog describes latest weapon system 
support equipment, ferrite devices, 
microwave subsystems, antennas, sys- 
tem components, radar test equipment. 
and precision microwave instruments. 
Sperry Microwave Electronics Co. > 656 


LAMINATED PLASTIC GEARS—Silent 
gears made from laminated plastics are 
described in a reprinted article. The 
various types of laminated plastics are 
discussed and typical properties of 5 
cloth-base laminates are tabulated. Tells 
how to design gears from laminated 
plastics and gives the formulae and 
data needed to calculate horsepower of 
laminated gears with and without keyed 
drive systems. Taylor Fibre Co. ~>657 


COUPLING FOR LIGHT HP APPLICA- 
TIONS—Bulletin 61 on the Flexring 
coupling includes diagrams and tables 
on the Flexring. which comes in 4 sizes 
for light horsepower applications up to 


1000 rpm. John Waldron Corp. —>658 


BRAZING ALLOYS — Precious-metal 
brazing alloys—Paloro, Nicoro 80 and 
Nicusil 3—are featured in Catalog V- 
124, which describes the complete line 
of Wesgo high-purity, low vapor-pres- 
sure brazing alloys for vacuum systems. 


Western Gold & Platinum Co. > 659 


PIERCE NUT UNITS—Catalog describes 
pierce nut units for staking Fabristeel 
nuts into sheet metal for assembly panel 
production. Operation and specifications 
of press-actuated Type CD and BL 
units for short, medium and long runs 
of nut insertions are fully covered, in- 
cluding flat and embossing dies and 
sizes and threads of Fabristeel Multi- 
pierce nuts available for the units. 
Wales-Strippit, Inc. > 660 


FLOW REGULATORS — Sixteen page 
Catalog No. 1000 of pressure-compen- 
sated flow regulators for hydraulic 
power systems includes full-range ad- 
justable, limited-range adjustable, and 
factory-set fixed-flow models. Sectional 
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IN A SMALLER CASE SIZE 


The New Fansteel Solid Tantalum 
STA CAPACITORS GIVE 
DOUBLE THE RATING IN 

THE SAME CASE SIZE 


This newest development in solid tantalum capacitors is 
available in ranges of 6 to 60 volts (wvdc) . . . capacity 
ranges of .0047 to 330 mfd . . . unsurpassed stabilj 
an operating temperature range of —55°C. to 
with extremely low leakage. 

The new STA is another step by Fansteel to provide a 
complete range of solid tantalum capacitors that have been 
designed to meet the ever-increasing demands for greater 


capacity in sub-miniature sizes. 


And as with all Fansteel Products, unfailing reliability 


is assured. Our new Bulletin 6.112 tells why. 
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Economy and Quality with 


NEW 


22 Circuit Centralab. 


MINIATURE SWITCHES 


ACTUAL SIZE 
These new switches are designed for application 
where costs must be kept to a minimum without 
compromising rigid electrical specifications. New 
laminated construction allows up to 22 separate 
switch points on a 17%" diameter. 
@ Voltage breakdown, 1000 volts R.M:S. 
Back to back insulated clips, 500 volts 
R.M.S. Laminated phenolic sections 
type PBE perspecifications MIL-P-3115. 
@ Current rating 2 amp. at 15 volts DC; 
150 milliamps at 110 volts AC (resistive 
load). 


@ Minimum life, 10,000 cycles. 
e Supplied as single section, double sec- 


tion, or single section with line switch. 
2-12 positions per switch. 
For detailed specifications, e@ AC line switches for single section units 


ee eee in SPST, DPST and SPDT switching 


representative. arrangements. 


VARIABLE RESISTORS @ PACKAGED ELECTRONIC CIRCUITS @ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS @ ENGINEERED CERAMICS @® SEMI-CONDUCTOR PRODUCTS 


P-5808 
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A DIVISION OF GLOBE-UNION, INC. 
ny 962M E. KEEFE AVE. © MILWAUKEE 1, WIS. | 
ERD bs In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario | 


illustrations and dimensional drawings 
are given, together with information to 
enable the designer to make his own 
regulator selection. Also includes an 
orifice flow chart and engineering data. 
Waterman Engineering Co. > 661 


SOLENOID - CONTROLLED ACTUATOR 
PACKAGES—Data sheet WF 1394 de- 
scribes line of solenoid-controlled actua- 
tor packages used in the missile field, 
and for many hydraulic and pneumatic 
applications. Feature of these packages 
is their low leakage—even with helium. 
Includes features and_ specifications. 
Waldorf Fluid Systems Div., Waldorf 
Instrument Co. > 662 


ELECTRONIC GO-NO-GO GAUGE— 
Four-page bulletin describes Model 
620A electronic go-no-go gauge includ- 
ing specifications, description, and typ- 
ical applications. Designed for fre- 
quency stability and comparison checks, 
motor speed control, pressure and flow 
control, material flow control, and other 
limiting situations between 1 and 40,000 
times per sec. Computer Measurements 


Corp. > 663 


ALUMINUM SHELL PLUCGS—Line of 
lightweight r-f plugs, utilizing alumi- 
num shells, is described in 17-page 
Catalog ALRF-1. Describes the ALRF 
line of coaxial plugs and the ALA line 
of cable adapters. Comprising alumi- 
num-shell line are the ALN and ALSC 
series of r-f plugs and the ALA series 
of connector-adapters for joining Foam- 
flex or Raytherm semi-rigid aluminum 
coaxial cable to standard RG cable. 
Cannon Electric Co. > 664 


SIZE 8 SYNCHROS, SERVO MOTORS 
AND AMPLIFIERS—TIllustrated Bulletin 
501A with specifications and outline 
drawings describes synchro transmit- 
ters, transformers, receivers and differ- 
ential transmitters with stainless steel 
housings, thru-bore construction, and 
accuracies of 7 min. Offer high ratio 
of stall torque to power input (0.025 
oz-in. for 3.4 w input) Norden Div., 
United Aircraft Corp. > 665 


SNAP-ACTING SWITCHES—Four-page 
Bulletin 858A describes line of preci- 
sion snap-acting switches, Unimax Type 
A, for use in appliances, vending ma- 
chines, automatic devices, signal and 
alarm systems, and automatic controls. 
Includes photographs, dimensional 
drawings, circuit arrangements, force 
and movement specifications, and elec- 
trical ratings. Unimax Switch, Div. of 
The W. L. Maxson Corp. > 666 


COMMUTATORS—Catalog No. 65 is in- 
tended to serve design and research 
engineers and those interested in pro- 
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For over 25 years no 
satisfactory substitute 
has been found for 


SPAULDING FIBRE 


for these applications 


For Cable Bushings 
When industry adds up the qualities of Spaulding Vulcanized Fibre, Sonne te sees Seales 


and insulating properties 
there is but one conclusion. For countless uses there is no substitute. plus abrasion resistance. 











No other material combines its forming, punching, insulating 

and arc resisting qualities. None can compare with its machinability, 
low heat conductivity, compressibility, abrasive resistance 

and deionizing properties. 








For Lightning Arrestors 


P » . . 2 . because of its arc snufiing 
For light weight combined with mechanical strength, Spaulding properties and shock resistance. 


Vulcanized Fibre stands supreme. 


Its applications are endless. Its cost is low. Next time, 
look to Spaulding Fibre. Learn why it’s indispensable to industry. 


For Railroad Track End Posts 
because of its compression 


Our 5 Plants SPAULDING FIPPe strength and electrical insulation. 


and 
28 Branch 
annem teeta COMPANY, INC. 
Serve Every 
industry 





303 WHEELER STREET 
TONAWANDA, N. Y. 


WRITE US FOR ADDRESS OF For Textile Bobbins 


OUR NEAREST SALES OFFICE because of its lightweight and 
smooth wearing qualities. 
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ccnsteae 
FLUX 3T CORE 
SOLDER 





YOU'VE GOT TO 


HAND IT TO PURCHASING! 


KESTER FLux-Core Souper has long been first choice with 
an overwhelming percentage of the nation’s Purchasing 
Agents ... over 50 years, in fact. We don’t claim any par- 
ticular selling talent for this remarkable showing. It’s just 
that most P.A.’s are well aware of Kester Solder’s quality 
ingredients and manufacture, and they -now that Kester 
is worth the price, since it won’t let them down on the job. 
To Purchasing Agents everywhere, we express our thanks 
for this continuing vote of confidence. (P.S. If you’re not 
now one of the P.A.’s we can count as a “friend,” we cer- 
tainly want to invite you into our club!) 


SEND TODAY for your copy of the 78 page Kester Textbook, 
“Solder .. . Its Fundamentals and Usage.” It’s free. 


KESTER SOLDER 


4209 Wrightwood Avenue e Chicago 339, Illinois 
Newark 5S, New Jersey e Brantford, Canada 
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duction quantities of commutators. In 
addition, it is intended to serve motor 
repair shops that require replacement 
commutators from stock. Includes list- 
ings, dimensions and helpful informa- 
tion on commutator problems and their 
common causes. Toledo Commutator 


Co. > 667 


SPHERICAL ROLLER BEARINGS—Cata- 
log No. 258 covers 5 standard series of 
self-aligning spherical roller bearings. 
with bore sizes ranging from 40 mm up 
through 1060 mm. Dimension tables. 
load ratings expressed as basic dynamic 
capacity, and line graphs showing modi- 
fying speed and life factors help the 
designer to choose quickly and easily 
the proper bearing for each application. 
The Torrington Co. > 668 


RESISTIVE PHASE-DIVIDING SYSTEM 

Six-page engineering bulletin No. 40. 
complete with graphs and schematics. 
discusses the comparison between sine- 
cosine and linear potentiometer meth- 
ods of phase dividing. Technology In- 
strument Corp. of California. > 669 


AIRBORNE INSTRUMENTS AND COM- 
PONENTS—Catalog package consisting 
of a folder and 13 engineering bulletins 
describes a complete line of airhorne 
instruments and components. Describes 
indicating and electrical-output pres- 
sure and acceleration measuring devices 
and switches, pitot-static testers and 
mach number calibrators. Includes spe- 
cifications, applications and dimensional 
drawings. Burton Mfg. Co. >670 


PHASE SHIFTER THEORY AND APPLI- 
CATIONS—FEight-page bulletin details 
the application of line of passively con- 
structed phase generators. Devices are 
used to measure phase shift with 30 
min accuracy, provide reference volt- 
age to demodulator and modulator cir- 
cuits. As a shaft-angle to time-phase 
transducer, it also finds application in 
servo systems. Theta Instrument Cor- 
poration. >671 


BOBBIN CORES—lllustrated 16-page 
Bulletin BC-203 on bobbin cores in- 
cludes guaranteed maximum-minimum 
limits for tape wound cores, measured 
according to industry-accepted pulse 
techniques, which are detailed in the 
text. To aid engineers in computing 
conversion to the particular core being 
used in a circuit design, all data are 
listed in common terms such as oer- 
steds, millivolts/maxwell, and max- 
wells/wrap. Magnetics, Inc. 672 


HEAVY-DUTY FOOT SWITCH—Data 
Sheet 154 describes a heavy-duty foot 
switch for use on machine tools, presses 
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ALLEN 


HEX-SOCKET SCREWS 


LLEN..... 


These precision products have 
made ALLEN the number 1 name 
in the socket screw field! 


If hex-socket screws have any place in your life at all, our new 
plant at Bloomfield, Connecticut, has unlimited advantages for 
you.—If you’re an engineer or designer, for example, the 

modern facilities of this new plant make available to you greatly 


Leader Point ButtonHead Flat Head increased engineering and metallurgical services in the develop- 
Cap Screw CapScrew Cap Screw ment of dependable fastening for products you’re designing— 


—_ and higher standards of precision than ever before. If you’re a 
BS manufacturer, this new plant is bound to be a rich source for 
* new ideas in fastening, and new products that will make your 
Allenut Allenpoint  “Tru-Round” own products better. If you are a distributor, this new plant 
Set Screw Pipe Plug means prompter shipments—and both new products for your 


: customers and improvements in existing ones, all coming along 
rapidly now that we have the room we need and new equipment. 
Write today for our new picture-booklet that takes you on a 

“guided tour” of this modern new plant. 


tien blertexkey “tredeanee | ALLEN MANUFACTURING COMPANY 


Shoulder Screw Dowel Pin Hartford 1, Connecticut 
Plant at Bloomfield, Connecticut * Warehouses at Chicago and Los Angeles 
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CRIMPED CONTACT 





eae ae 


ge me we 


PORE... 











REPLACE 


TD) POKELHOME contacts* 


AMPHENOL connectors with Poke Home contacts provide the electronics 








industry with a new and realistic answer to the problems of wire termina- 
tion. Contacts, shipped separately from the connector, are crimped to their 
individual wire leads and then “poked home” into the insert. Each can be 


easily removed and replaced in case of circuit change. 


Crimping of the contacts provides increased reliability through elimina- 
tion of soldering. It permits inspection of each termination before insertion. 
And, mechanically and electrically, the millionth crimped termination is 


consistent with the first. 


A Poke Home contact connector thus consists of individual circuits which 
may be strung through bulkheads or branched from different electrical 
sources and are quickly adaptable to any wiring change. Fewer manu- 
facturing breaks in circuitry are assured; the number of steps in wire 
termination are reduced; the need for “J-boxes”, terminal strips and other 
accessory components is similarly reduced. 


> 
CONCEPT COVERED BY U.S. PATENT 2,419,018 


Send for full information on aMPHENOL connectors with Poke Home contacts! 
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and motors. Switch features a high elec- 
trical rating, oil-tight cast iron en- 
closure and protective toe guard. Pho- 
tograph, dimensional drawing, charac- 
teristics, electrical rating and price in- 


| formation. Micro Switch. ->673 


COMMUNICATIONS BATTERIES—Two- 


page Bulletin T-534 covers the use and 


| design of line of low-capacity, light- 
| duty lead-antimony grid batteries for 


telephone, carrier, and microwave serv- 


| ice. Includes data on the 2- and 3-cell 


sizes with 50 and 100 amp-hr ratings, 
curves on discharge characteristics, 


| rack data and accessory details. C & D 








Batteries, Inc. >674 


ADJUSTABLE-SPEED DRIVES — Fight- 


| page bulletin GEA-6234B describes gen- 


eral-purpose Thymotrol adjustable- 
speed drives, 1-hp half-wave and 1- to 
4-hp full wave. Explains standard and 
optional features, electrical and _per- 
formance characteristics, applications 
and construction features of the con- 
troller, d-c motor, and operator’s con- 
trol station. Photos, cutaway drawings, 
line drawings and charts illustrate the 
bulletin. General Electric Co. >675 


DRY FLUID DRIVES—Expanded line of 


| Flexidyne dry fluid drives and couplings 
| is described in 24-page Bulletin A640B. 
| Complete with product photographs and 
| engineering drawings, it explains how 


this device solves difficult drive prob- 
lems. Includes tables to facilitate selec- 


| tion for normal and heavy-duty service. 


Also explains how speed drop and ther- 
mal cutouts protect against damage. 
Dodge Manufacturing Corp. > 676 


STANDARD PREAMPLIFIER — Bulletin 


| P-15 shows both physical and electrical 


characteristic curves of standard pre- 


| amplifier, Type PA4401-001 3VA. Also 


included are instructions to design en- 


gineers for ordering non-standard pre- 
amplifier models, with variations in 4 
of the 5 control windings. Used in in- 
strumentation work, low-energy regu- 
lating systems, operation of low-energy 
relays, and in process control work. 
Control, a Div. of Magnetics, Inc.->677 


SIDE-MOUNTED CONNECTORS—TIllus- 
trated Bulletin Series “G” gives speci- 
fications, outline dimensions and gen- 
eral information on miniature side- 
mounted connectors. These unusually 
small, rectangular connectors are avail- 
able in 2, 3, and 4-contact arrange- 
ments. DeJur-Amsco Corp. >678 


TUBULAR PRODUCTS, FITTINGS AND 
FLANGES—Engineers faced with prob- 
lem of determining proper specifications 
to apply to various types of carbon, 





GLOBE TYPICAL A.C. & D.C. ACTUATORS 


e-2" DIA» be 5,” TYPICAL 
































A.C. UNITS 
ynch, speed: .5 to 1000 rpm 1 
ip to 230 v.ac power: up to 70 v.d 
t: about 20 oz 
sing: meets MIL specs 


for protection 


REQUIREMENTS EXCEEDING THOSE SHOWN ARE 
INVITED. SPECIAL ACTUATOR SHAPES WELCOMED. 


GLOBE SPECIAL ACTUATORS / FROM STOCK PARTS 


Globe Industries designs and builds rotary and 
linear actuators to your specifications . . . custom 
units can be in your hands quickly. Moreover, if 
required, Globe can deliver the correct precision 
motor and planetary gear reducer in 2 weeks if you 
want to breadboard the actuator first. 

Specific reason for fast delivery and iow cost— 
Globe builds actuators in many standard sizes; into 
the protective housing can go any of 10 different 
frame size motors with literally hundreds of stand- 
ard windings. Hundreds of gear reducers are 
stocked or readily available, as are components for 
governors, switches, relays, potentiometers and 
other take-off and control elements. Our special 
engineering group quickly puts these standard 
components together to meet your prototype re- 
quirements. Intermittent torques to 2500 in. oz. 
(150 in. Ib.) 

Write for Bulletin 2000. Please outline your 
actuator needs for an engineering recommenda- 
tion. Globe also makes precision timers, gyros, 
stepper motors, blowers and fans, servos, clutches 
and motorized devices. GLOBE INDUSTRIES, INC., 


1784 Stanley Avenue, Dayton 4, Ohio. GLOBE INDUSTRIES, INC. 
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TYPE PA-1 $13.50 net 
Ideal for labs, light dimming, 
soldering, OEM accessories, 
model and hobby work. 
INPUT—120 volts, 1 phase 
OUTPUT—0-132 volts, 

1.25 amp., 165VA 


TYPE 500B $23.00 net 
The favorite Adjust-A-Volt 
for general industrial and 
laboratory use. 
INPUT—115 volts, 1 phase 
OUTPUT— 0-135 volts, 

7.5 amp., 1.0KVA 


-3 $18.75 net 
For OEM accessories, power 
supplies, instruments, servic- 
ing and labs. 
INPUT—115 volts, 1 phase 
OUTPUT— 0-135 volts, 
3.0 cimps., 400VA 


Adpust -A-Ve€t Variable Auto-Transformers 


for smooth, continuous voltage control 


An Adjust-A-Volt is your most mod- 
ern, efficient and reliable variable AC 
control for power supplies, instru- 
ments, mixers, motors . . . for control- 
ling power, heat, voltage, speed and 
light. 

There’s a type to fit your every re- 
quirement in the lab, for testing, in- 
spection or O.E.M. applications. 

Attractive, grey wrinkle case is 
well-ventilated. Adjust-A-Volts are 
equipped with pilot light, calibrated 
dial, switch, fuse, cord, plug and re- 
ceptacle. Each Adjust- A-Volt carries 
a two-year warranty. 


The complete Adjust-A-Volt line 
includes bench or panel mounting, 
manual or motor-driven operation, 
ganged assemblies, 50/60 or 400 cycle, 
high temperature, double commuta- 
tor, military designs and special 
transformers in single or three phase 
— ratings up to 20 KVA 

New Adjust-A-Volts are under de- 
velopment. Your inquiries for “‘spe- 
cials” are solicited. 

Write for 22 page catalog which 
gives all features and specifications. 

Adjust-A-Volts are stocked by lead- 
ing jobbers throughout the country. 


STANDARD ELECTRICAL PRODUCTS COMPANY 


BLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 
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| TDC-186. 


alloy and stainless steel tubing. pipe, 
seamless welding fittings and flanges, 
will be interested in 4-page Folder 
Folder is a cross-reference 
between the type of steel, application 
and specifications covering the product. 
The Babcock & Wilcox Co., Tubular 
Products Div. 679 


WIDEBAND D-C AMPLIFIER—Bulletin 
A] 132.1 describes in detail a high cur- 
rent, high voltage, wideband d-c ampli- 
fier. Designed for applications requir- 
ing a differential, 
amplifier, it is available in 6 amplifier 
modules or as single packaged units. 


isolated or grounded 


For use in any system requiring ampli- 
fication of signals from d-c to 50 ke. 
Includes description, applications and 
specifications. Computer Engineering 


Associates, Inc. ->680 


OPEN-TYPE 
open-type 


MOTORS 


motors suitable for many 


“Super-Seal” 


applications previously requiring en- 
closed designs are described in Bulletin 
05-51B9040. Available in all integral 
horsepower frames, the motors are un- 
affected by moisture, dust, dirt. oils. 
acids and alkalies. An example of how 
the motor saves 30 per cent on a typical 
pump drive is given. Allis-Chalmers 
Manufacturing Co. > 681 


HORIZONTAL WEATHER-PROTECTED 
MOTORS—Six-page Bulletin No. 2550 
describes a line of horizontal weather- 
protected motors available from 250 
to 2000 hp. Cutaway drawings illustrate 
motor construction. Standard and spec- 
ial features are described, and _ full 
motor specifications given. The Louis 


Allis Co. > 682 


ULTRASONIC FLUXLESS SOLDERING 

Ultrasonic fluxless soldering is the 
subject of eight-page Bulletin SB-5. 
Describes full line of soldering equip- 
ment and its various uses. Models vary 
from the hand unit to a_ specialized 
high production unit, with special tips 
to suit individual needs. Aeroprojects, 


Inc. ->683 


ELECTROMECHANICAL ASSEMBLIES 
AND PRECISION GEARS — Illustrated 
book on the design, engineering and 
production of electromechanical as- 
semblies and precision gears shows the 


| many types of equipment necessary 


for production of these products. Illus- 
trates more than 15 electromechanical 
units of all types used in guidance 
systems, airborne radar, servo drives 
and ground communications. Atlas Pre- 
cision Products Co. > 684 
TEFLON FLEXIBLE CONNECTORS—Six- 
teen-page Bulletin TC-101 
flexible hose assemblies of Teflon com- 


describe: 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


High impact at low cost 


These big pulleys help drive huge spinning 
frames made by Roberts Co., Sanford, 
N. C., a leading manufacturer of textile 
machinery. 

Until recently, the pulleys were made 
of stamped metal or heavy cast iron. De- 
signers looked for a better material— 
strong, dimensionally stable, low in cost. 
They found it in Durez !18683. 

This new sisal-filled phenoiic solves the 
cost problem of high-impact parts in three 
ways: 

. It costs only pennies more than general- 
purpose wood-flour-filled phenolics. 

.It molds by simple compression or 
transfer methods, using standard 
presses, standard pressures, standard 
dies. 

. It cures as fast as general-purpose com- 
pounds. 

Durez 18683 molds dimensionally sta- 
ble parts with impact strength of 1.4 ft 
lb.Jin. Molded parts are self-extinguishing, 
have excellent resistance to humidity, and 
can meet U/L requirements for attached 
electrical contacts. You'll find that 18683 
opens the way to savings on hundreds of 
applications where higher-cost materials 
are used now. 

Consider it for heater and air-condi- 
tioner housings, instrument panels. Speci- 
fy it for gears, wheels, pulleys, electric 
motor end bells—wherever you need im- 
pact strength and want it at lower cost. 

The sooner you investigate Durez 
18683, the sooner you can start saving 
with it! For bulletin, data sheet and/or 
evaluation sample, mail the coupon today. 


Torrid tempo 
Rapid production is beating out a new 
rhythm of lowered costs for the makers of 
these small lamp sockets (center column), 
Noma Lites, Inc. 

The key notes are smart redesign, use 
of multi-cavity molds, and an exceptional- 
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® impact strength comes down in price 


® fast-curing phenolic cures a cost problem 


® new idea for closures 


ly fast-curing Durez phenolic. 

Formerly, the manufacturer bought 
one-piece sockets, forced metal screw 
shells into them, applied pitch to protect 
against moisture, then laboriously sol- 
dered in the wires. 

Zip! Now, threads are molded into the 
split sockets by the molder, Holyoke Plas- 
tics Company Inc. Wires are laid across 
the socket halves. A simple metal clip 
joins the halves and pierces the wires 
with contacts. 

Whoosh! Socket halves are molded 80 
at a time. Into the molds goes speedy 
Durez 265, general-purpose compound 
that cures in a few seconds. Even at this 
dizzy rate, its batch-to-batch uniformity 
assures consistent molding. 


Hurry! Want to snap things up a bit? 
Durez 265 can probably help you do it. 
To see how, dash right over to your mold- 
ers. Or shoot us coupon for data on 265 
and other GP molding compounds. 


A cap can be pretty 


Not so long ago, you couldn't get this 
decorative effect in a molded plastic clo- 
sure. Now you can. 


It’s done by wiping color into the de- 
bossed design. Debossing used to be the 
crux of the problem, because of the under- 
cuts. It was impossible to make a work- 
able mold cavity by machining, hobbing, 
or casting. 

The solution: electroforming. The mold 
is built up in nickel around a soft, resilient 
master, which is then withdrawn from the 
cavity. 

The process is a development of Arm- 
strong Cork Company and Electromold 
Corporation. It gives the designer a new 
freedom—permits intricate textured effects 
like leather and wood grain, as well as the 
simpler ones you see here. 

Durez is in the picture, too. Versatile 
phenolics, especially formulated for bot- 
tle and container caps, provide the req- 
uisite impact strength, resist chipping 
and cracking, and do not bleed when in 
contact with alcohol. If these qualities 
might help you uncork a closure idea or 
unbottle a bottleneck, we suggest you con- 
tact your molder on the use of Durez 
phenolics for closures. 


For more information on Durez materials mentioned above, check here: 


rm 


1.) High-impact low-cost phenolic, Durez 18683 Bulletin and data sheet 


C) Evaluation sample of Durez 18683 
() Durez 265 (data sheet) and descriptive Bulletin 400 
Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


CHEMICALS 


‘ 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 


1312 Walck Road, North Tonawanda, N. Y. 
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“lhe 
TIMER RELAY 
that handles alli 


controlled timing 
problems ... 


% No false contacts 

% Non sticking 

% Practically "fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action. 


COIL 
ENERGIZED 


DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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Why it will pay you to send your CERAMIC PARTS 
requirements to WISCONSIN PORCELAIN CO. 


FIRST: You will get the benefit of 
39 years of experience in efficient and 
economical production of ceramic parts 
to meet your exact needs. 


SECOND: A wide variety of por- 
celain, refractory, steatite and filter 
bodies is available to you. Our uniform, 
tough, accurate components pay off on- 
the-line in faster assembly, increased 
production efficiency. 


THIRD: We ‘keep’ delivery prom- 
ises, having operated for over 39 years, 
24 hours a day without a shut-down. 


FOURTH: You will join a distin- 
guished list of companies who have 
come to depend on us for just this kind 
of service and quality. 

Send us your requirements today. 
A sample or blueprint will do. You'll 
get a prompt reply. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 MARKET ST., SUN PRAIRIE, WIS. 
(Located in the Chicago Industrial Area) 
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plete with end fittings. Composed ot 
tube of Teflon covered with stainless 
steel wire braiding, it is used for con- 
veying such materials as: searching 
liquids, chemicals, fuel, oxygen and 
steam under conditions of temperature 
extremes, corrosion, high pressure. 
American Metal Hose Div.. The Amer- 
ican Brass Co. >685 


WIRE MARKERS—Four thousand differ- 
ent self-adhesive wire markers are de- 
scribed in 8-page Perma-Code_ wire 
marker Bulletin 130. Includes markers 
for wire identification conforming to 
NEMA, NMTBA specifications and 
ASA Std. C6. 1-1944, “Markings for 
Electrical Apparatus.” Gives where-to- 
use information on wire markers of all 


types. W. H. Brady Co. > 686 


SNAP-IN CONNECTORS—The DS- 
series catalog describes features and 
applications of snap-in miniature con- 
nectors with removable contacts. Line 
features silicone inserts and crimp-type 
terminations that replace solder pots. 
Procedures and tools necessary for in- 
sertion and removal of contacts are de- 
scribed, in addition to detailed specifica- 
tions. The Deutsch Co. > 687 


TOROIDS AND FILTERS 
catalogue 104 stresses the importance 
of toroids, filters and related networks 
in military and industrial communica- 
tions. Contains scores of applications 
with schematics and 
curves. Developments in telemetering, 


Sixteen-page 


performance 


including a new series of constant delay 
band-pass and low-pass filters, are also 
featured. Burnell & Co. > 688 


PULSED MAGNETIC COMPONENTS - 

Form 4MC describes the services avail- 
able for the production of pulse trans- 
formers, chokes, coil-core assemblies, 
and pulse-current transformers. Typi- 
cal constructions of pulse transformers 
and charging chokes are illustrated and 
detailed data is tabulated on 9 types 
of transformers and 5 types of charging 
chokes. Levinthal Electronic Products, 


Ine. > 689 


FLIGHT INDICATOR—Four-page_illus- 
trated brochure describes Model 4087 
flight indicator. Instrument displays 
course selection, reciprocal course head- 
ing, “to-from” indication, lateral course 
deviation, glide slope indication, glide 
slope flag alarm, localizer indicator, 
localizer flag alarm and_ heading 
changes. LearCal Div., Lear, Inc.>690 


SYNTHETIC SAPPHIRE — Brochure F- 
917, “Synthetic Sapphire, An Infrared 
Optical Material,” is an 11-page booklet 
written with requirements of the infra- 
red optical system designer in mind. 
Booklet is a résumé of single-crystal 
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N i. =“W from WIICKE R$. ...another complete line 
of POWER MAGNETIC AMPLIFIERS... 
the “SUPER POWER” 1290 Series 


MORE POWER PER DOLLAR... 
18 STANDARD UNITS—515 VA TO 32.5 KVA OUTPUT POWER 


REACTOR A-C °D-C OUTPUT RATINGS RECTIFIERS , *, ©A-C OUTPUT RATINGS 


‘pc 2CON- LOAD 43-CYCLE COMPLEMENT. LOAD 
BULLETIN. SUPPLY controL TROL RES. CONTROL - SATURATING a RES. 
NUMBER voLTS PH A-T C:. FACTOR V-A VOLTS AMPS (OHMS) WATTS QTY CODE NO. QTY CODE NO. V-A VOLTS AMPS (OHMS) 


1296-515 120 15 016 0.73 515 77 6.7 11.5 1.5 VM2GVWLJA VM3GVWIJA 825 98 84 11? 
1296-800 120 19 013 (0.95 800 77 10.4 74 19 VM2HVNIJA VM3HVN JA 1280 99 13.0 76 
1296-1360 120 15 037 —-:1.70 1365 78 17.5 44 3.3 VM2NVNIJA VM3NVNIJA 100 22.1 45 


1296-1680 120 17 033 —:1.90 1680 78 21.6 3.6 3.8 VM2NVWIJA VM3NVWLJA 100 27.1 37 
1296-2510 240 19 029 «(2.1 2510 «17 16.0 9.8 42 VM4NVNIJA VMENVNIJA 201 20.2 10.0 
1296-3160 240 19 042 3.1 3160s «158 20.0 79 6.2 VM4NVNIJA VMENVNIJA 202 25.2 8.0 


1296-4350 240 24 033 (38 4350 =—-159 27.4 5.8 75 VM4IVW2JA . VM6JVWIJA 203 34.2 5.9 
1296-6120 9.240 25 050 863 6120 160 38.3 42 12.5 1 VM4NVN2JA VMENVNIJA 204 48.0 43 
1296-7840 240 30 043 «74 7840 = «180 49.0 3.3 14.7 VM4KVW2JA VM6KVWIJA 204 62.0 3.3 


1296-2140 240 
1296-3320 240 
1296-5710 


1296-6830 
1296-10800 
1296-13300 


1296-18600 
1296-25500 480 
1296-32500 480 


-_-— 


18 0.85 2140 «198 10.8 18.3 17 VD8GVWIJA 
22 ; 1.10 3320 = 200 16.6 12.1 2.2 VD8HVWLJA 
18 2.20 5710 202 28.3 7.1 4.3 VD8NVNIJA 


20 ‘ 2.4 6830 203 33.6 6.0 4.7 VD8NVWIJA 
22 ; 2.5 10800 = 408 26.4 49 VHIGNVNIJA 
22 d 3.6 13300 32.4 7.1 6 VHIGNVWIJA 


28 d 46 18650 45.4 . 9.1 12¢ VHIGJVWIJA 
29 é 7.0 25500 62.0 ‘ 13.8 12+ VHI6NVWIJA 
34 8.2 32500 79.0 . 16.3 18t VHIGNVWIJA 


www www www 


1. Ampere-turns required to contro! a typical unit 3. All reactor ratings based on class 'B'' operation 
2. Permits calculation of linear contro! power for any time constant 4. For full control (15:1 range 


Complete notes contained in Bulletin 1296-5.) 


* LOW COST most watts per dollar. 
- GAPLESS CORES permit minimum control ampere-turns; 


eliminate irregular performance introduced by air gaps. 


BENGINEERING ASSISTANCE — « Vickers Sales 


Engineering Offices listed below. 
BFOUR WEEK DELIVERY 


Vickers, the pioneer in magnetic amplifier development, with more than 
1,000,000 man-hours of direct experience in the design and application of 
magnetic amplifiers, now brings you a new line of higher power units... the 
“Super Power” 1290 Series. The new design of these tapewound, gapless core 
amplifiers coupled with superior production techniques provides Vickers 1290 
Series Amplifiers with higher performance and operating efficiency ... you 
get more output watts per dollar. Write today for complete details. 


EPA 1290-1 


Send for Bulletin 1296-5 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


£603 LOCUST STREET + SAINT LOUIS 3, MISSOURS 


Central Office: St. Louis 
Sales Engineering Offices: Chicago, Cleveland, Detroit, Los Angeles, New York, Washington, D. C. 
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aluminum oxide growth, recent ad- 
vanced shapes and sizes, and optical, 
thermal and high-temperature physical 
properties of synthetic sapphire. Linde 
Co., Div. of Union Carbide Corp. 691 


computer | SHAFT-MOUNTED SPEED REDUCERS 
k : ’ Twenty-four page Book 2618 describes 
lacks, / a new line of shaft-mounted speed re- 


ducers. Contains engineering and selec- 


consoles, . - tion information on: single reduction 
& cabinets 


drives in six sizes, with nominal ratios 
of 5 to 1 and capacities up to 50 hp; 
and double reduction drives in 7 sizes, 


with nominal ratios of 15 to 1 and up 

\ ‘ to 40 hp. Link-Belt Co. > 692 
5 PRACTICAL BRUSH PLATING—T welve- 

) page booklet entitled “Practical Brush 

Plating with the Dalic Process” has 


been reprinted and is again available. 
Describes the process in detail and 
gives photographs and descriptions of 
numerous engineering applications for 
high-speed brush plating. Marlane De- 
velopment Co., Inc. > 693 














TOPWALL SHORT SLOT HYBRID JUNC- 
TIONS—Four-page Catalog HT 58 pro- 
vides an up-to-date guide for the selec- 
tion of precision-cast topwall short slot 
hybrid junctions. Also includes some 
interesting electrical data and some 
common uses for these hybrid junctions. 
Microwave Development Laboratories, 


Inc. > 694 


STATIC SERVO AMPLIFIERS—Bulletin 
S-817A is a series of charts intended to 
aid the engineer in selecting the appli- 
cable transistor/magnetic servo ampli- 
fiers for various error signal inputs and 
Models MF, NF and HF fans, with propeller servomotor loads. Magnetic Amplifiers, 
diameters of 5%”, 64” and 8” respectively, are Inc. 695 
produced to fulfill such design criteria as: high 
output, light weight, compactness and CALIBRATING AND WEIGHING SYS- 
self-contained construction. TEM—Four-page Bulletin 169 describes 


Power requirements are 50-60 or 400 cps, 1¢ advantages, construction, operation and 


or 39. The fans can be mounted with their shafts in any 
position. Motors can run in both high and low ambient 
temperatures and require no maintenance. Venturi ring 
permits simple mounting to a dust filter housing 

or cabinet wall. Push or 
pull air-flow available. 
Mil specs are met. 


specifications of transistorized, battery- 
powered calibrating and weighing sys- 
tem. System is designed for calibration 
of load cells, torque-measuring dyna- 
mometers, thrust stands, testing ma- 
chines, other force measurement equip- 
ment. Morehouse Machine Co. > 696 





o} 





vn- 








Write for complete catalog 
information for the fan 
that best meets your 
particular requirements. 


MINIATURE TRANSFORMERS Twenty- 
four page catalog describes a line of 
100 200 300 400 500 miniature, subminiature, — transistor, 


vol —CF m on ° . 
AIR UME —CFM MIL-T-27A, and industrial transform- 
Motors are covered by U.S. Pat. Design No. 174,148. Other U.S. and Foreign Pats. Pend. ers. Features new transistor transform- 


eeeeese eeereeereoe ree eee eee eee se oe ee eeeee ers including d-c to d-c converters: sili- 


nm 
on 





STATIC PRESSURE 
INCH WATER COLUMN 
° 





con rectifier-power units; and driver, 


input, output, and chopper transform- 
ers. Microtran Co., Inc. > 697 
* 
mfg. co., inc. 


WOODSTOCK, NEW YORK DIGITAL INDICATING INSTRUMENTS 
a , ree pee eee 
ROTRON bs ieeindinc Cheetos Ces. 200- Menten, ee. Principles and applications of servo 


null-balance digital indicating instru- 
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Miniature 
plug-in Relay 
for printed 
circuits 


SQPC Relay—Length, | 3/4”; 
height, 1 5/16” tu 1 3/4” 
(depending upon 


...Millions aaa 
of operations 
without attention! 


Need a dependable relay for direct inser- 
tion into printed circuits? Automatic Elec- 
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication! 


Miniaturized without sacrifice of rugged- 

ness, these SOPC Relays, with reinforced 

mounting, deliver reliable performance 

under extreme conditions — dependable 

Contact operation st up to 10.5 G's, 25 G's RELAY SPRING TAKING ITS “PHYSICAL.” A technician 


shock, and temperatures from —55° to explores critical spring areas for tool marks and concealed 
+85°C. defects—calibrating radii to .001 inch—checking for the strength 


- ‘ er and stamina which will assure long, uniform service life. 
SQPC Miniature Printed-Circuit Relays Automatic Electric quality control is unmatched in the indus- 


are available with many different contact try—a compelling reason why you should specify AE in your 
spring arrangements—can be permanently engineering. 

secured with any acceptable soldering 

technique. 


Save parts, assembly and wiring time by using printed circuits—and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. Jn Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC ELECTRIC < . 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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for QUALITY CONTROLS, 
RUGGED PERFORMANCE 
REDUCED MAINTENANCE 


MAGNETIC STARTERS 


Furnas Magnetic Starters, ruggedly designed 
to provide complete satisfaction, are available 
through Size 4, in a choice of 9 starters in- 
stead of the usual 5. They match the applica- 
tions from 1 to 100 hp. All are UL listed, and 
all have dual voltage coils at no extra cost. 


DRUM CONTROLLERS 


Drum Controllers are available in over 
1000 models. Their durability, ease of op- 
eration, versatility, and low cost make them 
adaptable to applications satisfied by man- 
ual control. Furnas Electric exclusively 
offers the Drum Control with built-in 
thermal overload. 


PUSH BUTTONS 


Push Buttons for every need—Standard, Heavy- 
duty, and Oil Tight. Attractive appearance and 
mounting flexibility assure acceptance. Furnas 
standardization and interchangeability mean more 
variations with fewer parts. Complete accessory 
line. 


ct . 
FOOT MASTER LIMIT PRESSURE 


SWITCHES SWITCHES SWITCHES SWITCHES 


Write today for free Catalog 5800, giving complete Motor Control 
information. 1024 McKee Street, Batavia, Illinois. 
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ments are discussed in Bulletin No. 
1758. Describes the common types of 
transducer pickups used with this type 
of indicator and illustrates aumerous 
applications. Illustrations include meas- 
urement of compression, tension. torque, 
pressure, flow and temperature. Per- 
formance Measurements Co. > 698 


PACKAGED AMPLIFIER — Sixteen-page 
tentative data on the UPA-2_ utility 
packaged amplifier for use in computer- 
type operations describes how the unit 
combines a new level of circuit flexibil- 
ity with the reliability of printed cir- 
cuit operational amplifiers. Mechanical 
and performance characteristics also 
covered. George A. Philbrick Research- 
ers, Inc. > 699 


OSCILLOGRAPHS AND AMPLIFIERS — 
Eight-page Bulletin 210 provides de- 
tailed engineering specifications, electri- 
cal characteristics, and construction of 
direct-writing oscillographs and asso- 
ciated amplifiers. Rectilinear and curvi- 
linear recording oscillographs using 
ink-writing pens, electric stylus and 
heat-sensitive stylus are described. Pho- 
tron Instrument Co. ~>700 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


COIL WINDING—Second edition, just 
issued, contains 2700 gear ratios for 
universal coil winding, 100 illustrations, 
6 chapters and 192 pages describing 
coil winding procedures, winding ma- 
chines and associated equipment. The 
2700 gear ratios alone are a valuable 
time-saver for anyone winding universal 
type coils. Price of book is $5.00. Avail- 
able from Geo. Stevens Mfg. Co., Inc., 
Pulaski Road at Peterson, Chicago 46, 


Til. 


DRY BATTERIES—Comprehensive 100- 
page manual on the use and selection 
of dry batteries was written to provide 
industrial designers and research spe- 
cialists with an invaluable engineering 
reference guide. With it, they have com- 
plete data to help choose the battery 
that best suits their design require- 
ments. 

Practical data provided on each type 
of battery in 14 different voltage classi- 
fications includes: ASA reference letters 
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& makes,J NUTS 


with a difference 


It takes a little extra care in the drawing operation to make really reliable 
J-nuts in volume but it’s well worth the trouble. It reduces internal strains 
in the barrel so that DOT J-nuts stand up to working loads considerably bet- 
ter than the average fastener of similar construction. 


Available in three thread sizes (5/16"-18 and 24, 1/4-20) and to fit three 
ranges of material thickness (.030” to .065”), DOT J-nuts are made of carbon 
steel. They hold themselves in place over stamped holes so that preassembly 
is practical in cases where the actual bolting operation comes at the end of a 
series of other operations. 


Full details on request. 








@ FLUSH SEATING 


@ SELF-RETAINING 


@ SELF-TENSIONING 


e LOW COST 


@ CAREFUL 
WORKMANSHIP 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


MAKERS OF FASTENERS 
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NWL TRANSFORMERS 


Outstanding in their fields for continuous 
research, development and design 


NWL custom-built Transformers are made to fit the particular 
needs of the user. Each Nothelfer transformer is individually 
tested for core loss, polarity, voltage, corona, insulation break- 
down and aging characteristics and must meet all customer's 
requirements before shipment. We shall be glad to receive your 
Specifications and quote you accordingly. 


ESTABLISHED 1920 


SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EM, Trenton, N. J. 
Specialists in Custom-Building 
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and numbers, the number and size of 
cells used, weight, maximum physical 
dimensions, detailed service life graphs, 
voltage taps and types of terminals 
used. Sketches of 69 different kinds of 
terminals are included in a separate 
section of the book. 

Engineers engaged in the design of 
battery-powered equipment can write 
to Burgess Battery Co., Dept. PR-[. 
Freeport, Ill. to secure their copy of 
the manual. Others may purchase the 
manual at a cost of $1.00. 


PLASTICS —“‘A Ready Reference For 
Plastics,” a non-technical book on plas- 
tics, uses ordinary words and illustra- 
tions to bring out the essential facts 
about plastics: how they came about. 
how they are used. and why. 

Also included are physical properties. 
types of molding, elements of part de- 
sign, designing pitfalls, notes on ma- 
chining and inserts, and tables and data 
on almost every plastic material. 

Copies can be obtained by writing 
on company letterhead to Boonton 
Molding Co., 326 Myrtle Ave., Boonton. 
N. J. Only continental U. S. and terri- 


tories. 


MANUFACTURED GRAPHITE Collec- 
tion of technical data on manufactured 
graphite (in the form of a handbook 
of engineering data) presents graphs. 
tables, and curves relating to graphite’s 
use in a wide range of industries. in- 
cluding the chemical processing, metal- 
lurgical, electrical and nuclear fields. 

Preparation of the handbook entailed 
the accumulation and correlation of 
data equivalent to literally thousands 
of man-years of specialized research. 
development and _ production control 
experience. 

Printed in loose-leaf form, the hand- 
book will be kept up to date with the 
periodic release of supplementary data 
as new information becomes available. 
Requests for copies of the handbook 
should be made on company letterhead 
to National Carbon Co., Div. of Union 
Carbide Corp., 535 Fifth Ave.. New 
York 36, N. Y. 





Postage return cards are provided 
on pages 17 to 19 as a conveni- 
ence to the reader in obtaining fur- 
ther information on— 


New Components and Materials 

Literature for the Design Engi- 
neer 

Feature Article Reprints 

Advertised Products 
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where, how and why 


aluminum 


is cutting material, 


manufacturing and 


shipping costs in 


LAMP BASES 


At its ultra-modern metal base manu- 
facturing plant in Warren, Pa., Sylvania 
Electric Products, Inc. is turning out 
quality aluminum incandescent and 
fluorescent lamp bases at consistently 
low unit cost. Sylvania has found that 
where aluminum is used, production 
and costs are constant and accurate. 

Why? Because the price of aluminum 
is stable and realistic, and the metal it- 
self in abundant supply. Since it is easy 
to fabricate and can be soldered or 
welded, aluminum is extremely adapt- 
able to the practical aspects of modern, 
high speed, automated production. In 
addition to excellent electrical con- 
ductivity, lamp bases of aluminum 
are characterized by mechanical 
strength and lightweight, important 
factors when one considers the millions 
of light bulbs that are shipped 
each year. 

Another important reason Sylvania 
switched to aluminum bases is the 


IMPROVING ELECTRICAL SYSTEMS 


trend to aluminum lampholder shells. 
Made of similar metal, the Sylvania 
lamp base will not freeze in the socket 
and its non-corrosive properties are 
added insurance for ready, easy re- 
placement and attractive appearance 
throughout lamp life. 

Reynolds supplies lightweight, qual- 
ity aluminum of uniform thickness and 
finish to Sylvania and to other leading 
companies in the electrical industry. 
Why not investigate the advantages 
aluminum can bring to the production 
and performance of your products or 
equipment. Reynolds Engineering Serv- 
ice will be glad to assist you. Call your 
local Reynolds office or write Reynolds 
Metals Company, P.O. Box 2346-ED, 
Richmond 18, Virginia. 


The Finest Products 
Made with Aluminum 


are made with 


FROM POWER SOURCE TO END USE... WAAL URES TUL 


Watch Reynolds new TV shows—“ WALT DISNEY PRESENTS” and “ALL-STAR GOLF" —every week on ABC-TV, 
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Editorial Reprints 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired 

If multiple quantities of these re 

prints are desired, the rates to gover: 

are indicated below. Remittances mus! 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

No. of Number of pages 

Reprints 4-12 16-32 

1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





REPRINTS NOW AVAILABLE 


Techniques of Cooling Electronic 
Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip- 
ment. Part I covers cooling theory 
and methods and techniques of 
temperature measurements. Types 
of cooling are discussed. Part II 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection, 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 
are included. (712) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Volt-Ampere Graphical Analysis, De- 
cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its load to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important tool 
for every design engineer. (740) 
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Designing with Stainless Steel, De- 
cember 1958, 8 pages. Presented 
are the properties of stainless steel 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A stainless steel 
selector chart is included. (709) 


Electronic Materials and Components 
for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are 
marized. 


sum. 


(719) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to +250 C range for: Hiver- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 
vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 


perate in severe environments are 
described and _ illustrated. (735) 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and _ the 
earth’s magnetic field. (710) 


Titanium—Its Properties and Design 
Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


Treating Transfer Functions on Ana- 
log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the Sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer. (728) 


High Voltage Transistor Regulated 
Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 
output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 


allowable surge, etc. (717) 
Magnetic Properties of Stainless 
Steels, September 1958, 5 pages. 


Practical tips on selecting a corro- 
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Monel woven wire filter protects Sundstrand 
fuel unit from foreign particles — easy 


te 


RP Ral 


to clean, too. Made by Sundstrand Machine 
Tool Co., Hydraulic Div., Rockford, Illinois. 


Filter out trouble with Monel wire cloth 


Take a tip from Sundstrand design- 
ers. Filter out trouble in your appli- 
ances with Monel* nickel-copper alloy 
wire cloth. 

To protect their first fuel units 
from foreign particles, Sundstrand 
designers began specifying Monel 
wire cloth for filters back in 1934, 
and seven million units later they are 
still specifying Monel alloy for these 
filters. 

Says Mr.C. W. Lang, Sales Manag- 


er at Sundstrand, “Monel is the best 
material we know of for fine wire 
mesh such as is used in our fuel 
units.” 


You design out filter troubles... 
from acid, caustics and other corro- 
sives .. . from vibration, abrasion 
and hard use... when you specify 
Monel wire cloth for your filtering 
applications. You get strength, dura- 
bility, hardness . . . low-cost service 
over the years. What’s more, it’s easy 


to fabricate — to form, weld, braze, 
solder. 

You get a bonus in fine Monel mesh 
— cost is competitive with less dura- 
ble materials! 

Produced by weavers throughout 
the country —ask us for handy “Buy- 
ers Guide to Established Weavers.” 


*Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street gkeo, New York 5, N. Y. 


INCO NICKEL ALLOYS 
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Why pay more? For quality products . 
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LONG PUNCHED 
SHORT SLOTTED 
THICK THREADED 
THIN EMBOSSED 


ROUND AND RECTANGULAR 


CLEVELITE’ 


In every way CLEVELITE is the favorite phe- 
nolic tubing . . . made in seven grades to assure 
you dependable performance in any application. 


CLEVELITE is unaffected by oils and solvents... 
it is easily machined, light in weight, yet me- 
chanically strong. 


Dependable because of its non-tracking and in- 
sulation resistance . low moisture absorption 

. dielectric strength 150 v.p.m. .. . heat resist- 
ance over 250° F. . . . diameters and wall thick- 


nesses as required. 


WRITE FOR OUR LATEST “CLEVELITE” BROCHURE 
. . . and mention application you have in mind. Samples 
will be furnished. 


. call CLEVELAND! 


Reg. U. S. Pat. Off 
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PLANTS & 
SALES OFFICES: 


nai pmoenay ms 
JAMESBURG, N. 3 
OGDENSBURG, N.Y. 


6201 BARBERTON AVE. + CLEVELAND 2, OHIO Sa 


ABRASIVE DIVISION at CLEVELAND. OH!IO 


a 


GLEVELANE GONTAINER css 


NEW YORK 


MONTREAL 

















NEW ENGLAND: 












PHILADELPHIA: 


238 


9 &. ATHENS AVE., AROMORE, P. 


REPRESENTATIVES: 


R. S. PETTIGREW & COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N. 

10 N. MAIN ST., W. HARTFORD, CONN. 

NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BARRON CO., 544 

CENTRAL AVE., E. ORANGE, N. J. 

MIOLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
A. LTO. BOX 159 — STATION “H", TORONTO 


RAVENSWOOD AVE., CHICAGO 


S. MARIPOSA AVE... LOS ANGELES 





Circle 231 on page 17 


sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 


reviewed. (725) 


Non-Linear Transistor Compensation 


in High-Gain Servo, September 
1958, 4 pages. Mechanical and elec- 
trical design features of a compact 
positioning servo for either thrust 
or rotary service are described. The 
use of diodes for temperature com- 
pensation in the transistor amplifier 
is outlined. (739) 


Ferrites for High-Power R-F Tuning, 


August 1958, 12 pages. The re- 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 


Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


Dynamic “In-System” Specifications 


for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 


included. (723) 


British Magnetic Amplifier Develop- 


ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 

(Continued on page 240) 
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Now...MORE ball bearing types and a bright, new package 


Hoover is widely known as a leading producer of open, 
shielded and sealed types of deep-groove ball bearings, 
double row bearings and water pump bearings. These 
Hoover products have earned a long standing reputation 
for quality. 

Now, three new series are added to the Hoover line: 
1) pillow block bearings and companion flange bearings; 
2) 3L00 extra light bearings for maximum shaft and 
minimum housing dimensions; 3) “Super Max’’ 


bearings for maximum capacity applications. 

All these new bearings meet Hoover’s high quality 
standards. All are made with smooth Hoover Honed 
raceways and Micro-Velvet balls, accurate within 
millionths of an inch. All are designed for superior 
performance and long life. 

New, too, is the distinctive blue and yellow package, 
designed to help you recognize Hoover bearings quickly 
and to remind you that they are tops in quality. 


[O@Ouxerr° 


BALL AND BEARING COMPANY 


5400 South State Road, Ann Arbor, Michigan 
Los Angeles Sales Office and Warehouse: 2020 South Figueroa, Los Angeles 7, California 














CUSTOM 

BUILT TO 

YOUR 
SPECIFICATIONS 


Complete Contract Manu- 
facturing Facilities for any 
type of metal enclosure... 
including more than 50 years 
experience of metal 
craftsmanship . . . are 
available to you at 

Kirk & Blum. 


For control panels, transformer 
tanks, indoor or outdoor 
electrical housings . . . fabri- 
cated in sheet, plate, stainless, 
carbon steel, aluminum, monel 
or other alloys .. . call on 
Kirk & Blum. 


Send your prints for 
prompt quotation. 


eecceereee eeeccee 


YEARS OF 
SERVICE 


eeececeseeee 


The Kirk & Blum 
Manufacturing Co. 
3122 Forrer Street 
Cincinnati 9, Ohio 
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The Molecular Key to Dielectric Prop- 
erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico- 
chemical principles of gaseous, liq- 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 
included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and _ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Effects of Radiation Environment on 
Structural Metals, June 1958, 9 
pages. The mechanism and types of 
radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 
promising their original properties 
and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
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wer JU,000 


meters in stock: 





Do you need panel meters in a hurry? You can get 
Simpson panel instruments from your local electronics 
parts distributor .. . right off the shelf! And to be sure 
that you get the model and quantity you want, Simpson 
backs up your local distributor with a huge stock at its 
own Chicago plant. This teamwork puts 50,000 meters, 
in 800 sizes and types, at your finger tips. There’s no 
delay either. Your distributor’s orders are shipped from 
Simpson’s warehouse within 24 hours. 

But service isn’t the whole story. Simpson meters are 
quality instruments—backed by a 50-year reputation 
for accuracy and ruggedress. 

Your Simpson distributor is one of 1500 located 

DISTRIBUTOR GETS throughout the United States, Canada, and abroad. 
24-HOUR SERVICE Check with him on all of your stock meter requirements. 


FROM THIS SIMPSON ELECTRIC COMPANY 


HUGE SIMPSON STOCK 5205 W. Kinzie St., Chicago 44, Illinois 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


INSTRUMENTS THAT STAY ACCURATE! 
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with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 
1957. (726) 


cat © ) & Re k bs a a, : . Selenium Rectifier Selection and Cir- 


cuit Design, April 1958, 12 pages. A 

a — tee he a rogers “ guide to selection and circuit ap- 
ee oe eee Seen plication factors for selenium recti- 
during coil winding operation. : 2 eee 
fiers, derived from basic circuit 


High Dielectric Strength : , 
Reshoance 00 heut end Gefermetion analysis, for single-phase halfwave 


Toughness A and bridge arrangements. (731) 
Light Weight 
Lasting Resilience 
Easier Handling 


Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 


Bobbins will end your search for a@ tion; stepping-switch scanner con- 
new way to simplify design and , trol; digital-to-analog conversion; 
reduce your coil production costs. oe analog-to-digital conversion; mul- 
The new and modern plant isequipped [| 2 tiple indexing and switching func- 
with manufacturing facilities and : tions. (730) 
engineering know-how to accurately 
produce nylon bobbins that will meet a i. ; Ferroelectrics as Solid-State Devices, 
YOUr GNSS CHEEENG CHyTEmaneS. ; by March 1958, 12 pages. Summary of 
Send in your specs or write for data hp i types, properties, mechanisms and 
brochure and samples. SE eres . : - 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
SALES DIVISION OFFICES and nonresonant amplifiers, ferro- 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, . 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada electroresonant switches, memory 


devices. (714) 


... These properties in Cosmo Nylon 





TOwer 1-8897 * CLEVELAND 9, OHIO International Standards for Motor 

Dimensions Set for Final Approval, 

March 1958, 8 pages. Final pro- 

posed I.E.C. motor dimensional 

3 standards for interchangeability be- 

Tn a tween metric and inch systems are 
: presented. Problems and compro- 

mises necessary in achieving this 


: 5 7 “f 
2 you ll have 2 al are described. (708) 


: : : Evaluation and Applications for Fiber- 
= SPACE to SPARE oe one ltd Insulated Magnet Wire, February 
= = a 1958, 12 pages. Characteristics and 
= SS setaninih. eee 4s application areas of various types of 
on your panel ; a. J fiber-insulated, film-insulated and 

= aan eo composite-type magnet wire. Com- 

mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
: d ; ‘ insulating materials analyzed are 
Type SZO Control Circuit Transformer. Savings in newer i such as glass fiber, 
panel space range up to 20 percent over units of Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


. . when you mount the newly designed Hevi-Duty 


equivalent rating. Better yet, you’ll have extra inrush 
capacity (up to 150% more) due to Hevi-Duty’s 

toned iwtel a eth : d Designing Minimum Weight Mag- 
in er eave win ings and other new improved pro- netic Cores, February 1958, 8 
portions of design. New Type SZO transformers pages. A_ straightforward proce- 


range from .050 to 5 KVA dure for minimizing the combined 
weight of core, case and coil for a 


given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
HEVI-DUTY ELECTRIC COMPANY & related components. Three exam- 
— les given. (706) 

HEAT ae FURNACES HEMIEBUTY ELECTRIC EXCLUSIVELY | ye © 
TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS | ‘The Anatomy of Automation, January 


MILWAUKEE 1, WISCONSIN and February 1958, 20 pages. The 


Write for Bulletin 300 for further details 
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reduced size and weight, superior performance 


General Electric’s new cup-washer design makes possible increased contact 
area between cells — resulting in lower contact resistance and improved 
surge ratings. These new Vac-u-Sel* selenium rectifiers withstand ambients 
up to 130°C, yet you pay no premium for high-temperature operation. Cells 
are rated from 2 to 15 amperes and can be stacked for higher currents. 


Special spring washers on both stack ends create a tighter assembly, both 
initially and throughout stack life. Size and weight are reduced to save 
design space and give you a lighter unit with superior performance. Im- 
proved paint seal reduces the chance for contamination. New terminals 
provide holes for either screw or solder connections. The increased surge 
rating makes these rectifiers particularly well suited for welding-equipment 
applications. 


Advances like this (and others coming soon) illustrate the increasing 
usefulness of selenium components. For more information on industry’s 
most complete line of selenium rectifiers, contact your G-E Semiconductor 
Products Sales Office, or write Section $20128, General Electric Company, 
Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 





VAC-U-SEL rectifiers are made by General Electric’s spherical evaporation process, through 
which a pure, more even deposition of selenium over the entire cell surface is obtained. This 
results in longer life—even at high operating ambients and better-than-normal rated current. 
Performance can be reliably predicted from unit to unit. 


*Registered Trade Mark of General Electric Company. 
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broad general area of “automation” 
is classified into four major sections: 
he) eo) — an ce basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 


operations (applied intelligence). 
Definitions, examples and discus- 
sions of 117 key automation terms 


are organized into 18 sub-classifica- 


NEW HIGH TORQUES — — ve 
JIC Electrical Standards for Industrial 

SAME SMALL 4 Equipment, June 1957, 24 pages. 
ee. Revised specifications for the appli- 

f I Sets new standards of reliability cation of electrical apparatus to 
and maintenance welders and other industrial equip- 

—— convenience ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 

March 1957. Single reprints, no 

charge. Multiple quantities may be 

obtained at the following prices: 

5—$3.75; 10—$6.00; 25—$12.50; 

50—$20.00; 100—$30.00. Send 

check with order payable to The 

Gage Publishing Company, 1250 

Sixth Ave., New York 20, New 

York. (724) 


Multiple Reprints 
Now Available 


as ne: o Multiple Reprints (reprints or com- 


pendiums into which are combined 
Min. Depth - -\312 several separate articles on the same 
Max. Depth 6 in or related subjects) are available at 


NEW Torque Ranges —_ the nominal prices indicated in each 
Dr 12. to b ft 


Max. Diameter 91/4 


19460 


wy 4200 


Wet (oil) — 16 to 1140 Ib ft listing. Orders must be accompanied 
ciaby ehines from) tok in by remittances. Large quantities, 
special quotations. Address: ELEc- 

. . o ~ 

NEW Stearns Jataatela Discs — TRICAL MANUFACTURING, 1250 


greater resistance to. heat and pressure Sixth Avenue, New York 20, N. Y. 


RO ee se Pitas pe —: ‘ . ' 
or wear. Type “GS On Glse Engineering Applications of Boolean 


Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
J/ Check — Compare these additional $avings features: switching circuits and logic _sys- 
‘ a tems—both combinational and _se- 
i quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 


sily with just a screwdriver a 


tool kit for lowest-cost-per-vear operat . specify Stearns! 


® Stationary Maanet Body — simp pletely assembled, tested 


e Language and Laws of Boolean 
Algebra 
Analyzing Combinational Cir- 
r write direct for complete “GS” dat cuits by Boolean Matrices and 
For Superior Performance .. . Specify Stearns! Karnaugh Maps 
Analyzing Specifications and De- 
signing Circuits 
SLians. [4a tong -ilem ete) -1-1e)-7-balel,” Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 
Designing Sequential Circuits 


(Continued on page 246) 
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“NERVES” FOR 
4 


Sorry! We can’t tell you where the 
miniature thermostats made by George 
Ulanet Company, Newark, N. J. are 
put to work. But we can tell you this: 


The tiny base of the thermostat was 
formerly made using the lost wax cast- 
ing process. Parts sometimes had an 
objectionable porosity, and always re- 
quired additional finishing operations. 
So the maker turned to Chase Brass & 
Copper Co. to see if there was a better 
way to make the part. 


Chase recommended copper forg- 
ings — now used 100%. Previous trou- 


Shown here, actual size, is the her- 
metically-sealed thermostat made 
by Ulanet for restricted applica- 
tions. It’s easier and better made 
with Chase copper forgings for 
base plates. 


...made better with a Chase Copper Forging 


bles are completely eliminated through 
the use of the Chase copper forging. 
An added plus—the ability of copper 
to conduct heat far better than any 
other non-precious metal results in 
marked improvement in product effi- 
ciency. Users here and abroad call it 
“the best hermetically sealed thermo- 
stat for use in 


Perhaps your product—or parts of it 
—can be improved, your production 
operations simplified, rejects reduced, 
performance of end product made 
more efficient. Wherever a forging may 
help you, Chase can serve you with 


help in design—and delivery geared to 
match your production line require- 
ments. So talk your needs over with the 
Chase District Office nearest you—or 
write Chase at Waterbury 20, Conn. 


Chase # 


BRASS & COPPER CoO. 


WATERBURY 20, CONN. 


Subsidiary of 
Kennecott Copper 
Corporation 


em USA 
1 Tee STANDARDS 
ow 


THE NATION’S HEADQUARTERS FOR FORGINGS IN BRASS + COPPER « BRONZE + ALUMINUM 


Atlanta Baltimore Boston Charlotte Chicago Cincinnati 


Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 


Milwaukee Minneapolis Newark New Orieans New York (Maspeth, L.!.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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plus (available only in this combined 
reprint) 

e Electronic Sequential Circuits 

e Tabular Reduction Techniques 
e Selected Bibliography 


Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period 1951-1955. 

$1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 

* use. Over 50 two-color illustrated 
C es oa D U L ET examples of step-by-step slide rule 
settings are given. Major topics 
include: 


e The Basic Slide Rule 
e@ Variations on Basic C-D Opera- 
Whatever the application, type of service or occupancy, tion 
there is a complete selection of Condulet electrical equipment e Trigonometry — 
in every type of construction . . . cgnventional, weather- © The — ag. Scots 
resistant, (Type EG enclosed and ; aia Panton 

gasketed), vapor-tight, dust-igni- Phasor Calculations 
tion-proof and explosion- proof The Circular Slide Rule 
(see opposite page). In addition, a ; 

ieee cans enemieatiiey Beste Written by Ira Ritow, engineer- 
— y 8 teacher-author, whose previously 
added to the more than 15,000 published work in ELEecTRICAL 
listed in the Condulet catalog. MANUFACTURING includes “Capsule 
Each one offers additional proof Calculus” and the 5-part series 
of the lasting advantages of qual- “Fundamentals of Servomechanism 


ity materials and manufacture. Design. $1.00 


Human Engineering in Equipment 

FOR COMPLETE INFORMATION Design, 94 pages. Ten previously 
*CONDULET is a coined word regis» | on Condulet electrical equipment, published articles dealing with the 
tered in the U. S. Patent Office. It see your Crouse-Hinds distributor... . theory, techniques and practice of 


designates « brand of products 4 human engineering written for the 
made ely by te Cometienh “ write the Company direct. special needs of the designer of 


Compeny. electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 


cussed. Certain articles emphasize 
CROUSE BN HINDS design case histories and analyses of 
SS specific design parameters, includ- 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK ing problems in mil itary equipment, 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont. d ° 
Crouse-Hinds Instrument Company, Inc., Silver Spring, Maryland control systems, ata processing 
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systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an’ engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 


of orders makes possible substantial e 

savings in cost per copy. For single on 

shipments to one address, on orders yen ® 

accompanied by remittance, the fol- et on 

lowing prices per copy apply: oye gc 
Quantity s p\() — 

Title 5 85 10 

Slide Rule Mathematics 90 .75 \) (oul C..- 


Casting Resins L7 Ls 
Human Engineering 2.25 2.00 
Boolean Algebra 1.80 1.60 
Prices given above include shipping C o Ry D U L ET* 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth E losi oe 
Ave., New York 20, N. Y. (N.Y.C. xplosion-Proof and Dust-Ignition-Proof 
orders should include 3% City Sales Electrical Equipment 


Tax.) 





With a wide choice of UL-approved items for every Class 
A SHORT-CUT TO and Group under the National Electrical Code, Crouse-Hinds 


RESEARCH Condulets offer the world’s broadest line of electrical equip- 
ment for hazardous locations. Crouse-Hinds adds an extra 

margin for safety in design, construction, and the minimizing 
oe ET RICAL of human error in installation, operation and maintenance . . . 
SYEAR ANNOTATED all with an economy of bulk that enables you to make the best 


utilization of precious plant space. 


@ Hundreds of design and research 
engineers have provided themselves with 
personal file copies of the 


The 60-page book lists by functional 
subject classification—with succinct an- 
notations—every feature article and 


major “Design Trends” short article 
published in Electrical Manufacturing CALL ON CROUSE-HINDS FIELD ENGINEERS for assistance with 
during the 5-year period, 1951-19F5. A 


companion booklet lists all 1956 articles. any problem involving electrical equipment for hazardous areas. 


The cumulative annotations provide 
valuable time-saving reference source, 
both to recent and earlier literature. Breothers and Drains * Communication Equipment * Control and Indieating Stations ® Fittings 
The indexed articles deal authoritatively Fixture Hangers ® Flexible Couplings * Instrument Enclosures ® Junctions ® Lighting Fixtures 
with all types of materials, components, Motor Starters and*Circuit Breakers * Panelboards ® Pilot Lights * Plugs and Receptacles 
systems and techniques which have spe- Process Control Board Components * Seals * Signals, Alarms ® Switches ® Unions 
cial application in the engineering de- 
sign and development of electrically * Registered 
operated products. 





The Index is printed on white coated 
paper and is wire-stit7hed to handy file 
size, 844” x 11 


Per copy price is $1.50 on orders ac- 


companied by remittance (add 3 per cent 
sales tax for New York City delivery). BN 
Please make remittance payable to The 
Gage Publishing Company, 1250 Sixth SS 


Avenue, New York 20, N. Y. MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring. Maryland 
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GENERAL CABLE 
the complete line of Engineering 


Standards 





ASA Standards 


The following ASA siandards are now 
available: 

American Standard C89.1 - 1957, 

American Standard Requirements 
Long experience in the manufacture of magnet wire has enabled General and Terminology for Specialty Trans- 
Cable to develop the industry's widest range of both returnable and non- formers. $2.50. 
returnable containers of all types. Designed to meet widely varying American Standard C33.4 - 1958, 
customer demands, they insure safe delivery and facilitate use of the wire Safety Standards for Specialty Trans- 
at the lowest possible cost to you. No matter what magnet wire packag- formers (recommended for use in 
ing problem you have, consult General Cable...they have the right conjunction with C89.1-1957). $1.00. 
packaging for you. American Standard C37.16-1958, a 
revision of American Standard Sched- 
ule of Preferred Ratings for A-C and 
D-C Low Voltage Air Circuit Break- 
ers. 40¢ 
Publication 104 of the IEC, Recom- 
mendation for an International Speci- 
fication for Aluminum Alloy Con- 
ductor Wire of the Aluminum-Mag- 
nesium-Silicone Type. 60¢ 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

+30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


Copies are available by writing to 
the American Standards Association, 


70 E. 45th St.. New York 17, N. Y. 


EIA Standards 


Three new recommended EIA standards 

are available: 
RS-168-1—Dimensional and Electri- 
cal Characteristics Defining Tube and 
Transistor Sockets (this Standard, 
from Standards Proposal No. 563, 
is an addendum to RS-168). 90¢ 
RS-185-1—Dimensional and Electri- 
cal Characteristics Defining Sockets 
for Printed Circuits (this Standard, 
from Standards Proposals Nos. 546 
and 563, is an addendum to RS- 
185). $1.65. 
RS-213—Test Point Locations for 
Printed Wiring Assemblies (this 
Standard, from Standards Proposal 
No. 573, is new material). 25¢ 


Payout Equipment General Cable also has available a com- ; Copies may be obtained from the 

plete line of accessories used in the take off of wire from STAR-PAK pails and drums EIA Engineering Dept. 1 I : W. #2nd 

or in spinning wire from reels and spools. St., New York 36, N. Y. There is a 
minimum charge of $1 on all orders. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
ore palletized for shipment. 


NEMA Standards 


Copies of the following recently-pub- 
lished NEMA standards are now avail- 
able: 
HU 1-1958, NEMA Standards Pub- 
for quality and service lication for Industrial Heating Units 
and Devices. 30¢ 
--- Specify SG 1-1958, NEMA Standards Publi- 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 
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Advanced Ceramic Design of 25 Amp Silicon Diode Increases Reliability 
By Localizing Internal Expansion Under Shock Loads of Temperature 


Germanium Rectifiers 
Reduce Lost Power Costs 
as Much as 45.5%! 


Four years of field experience has 
yielded indisputable facts to indicate 
that germanium is the best rectifier for 
high-current low-voltage equipment. 

Of the semiconductors available, 
germanium exhibits the lowest voltage 
drop. This factor alone can mean real 
power savings to equipment users. For 
example, a 10,000 ampere germanium 
power supply operating ten hours a 
day, six days a week will save 912 
KWH per week over a silicon unit of 
the same rating . . . a savings in power 
dollars amounting to $948.48 per year! 
These figures are based on an average 
cost of $.02 per KWH. The user who 
pays more for power will save more! 


Pictured here is the International Rec- 
tifier 500 Ampere Germanium Junction 
featuring efficiency to 98.9% .. . the 
most efficient rectifier available for 
plating and other electrochemical ap- 
plications from 1,000 to 200,000 amps. 
Write for Bulletin GPR-2S or... 
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Technical Article Available: 
Elimination of Surge Voltage 


Breakdowns of Semiconductor 
Diodes in Rectifier Units. 


Write on your letterhead. 


Here is the 25 to 45 amp silicon rec- 
tifier series that really has the “give” 
it takes to operate with long-term de- 
pendability in the toughest industrial 
applications. Capable of operation in 
temperatures to 200°C, they feature a 
mechanical ruggedness that sets new 
standards of resistance to shock and 
strain. 

Now in full production at Interna- 
tional Rectifier Corporation, these di- 
odes are the result of a completely new 
process in silicon rectifier manufacture. 

The package itself is extremely rigid 
externally, but highly flexible inter- 
nally. Radial and axial stresses crossing 
the unit are taken up by adjoining 
membranes to permit localized expan- 
sion under shock loads of temperature. 
At the same time, the unique case con- 
struction forms a hard shell over the 
rectifier junction, protecting it from vir- 
tually every type of mechanical strain. 

The adaptability of this new device 
to de power supplies for high tempera- 
ture operation make this a major step 
forward in semiconductor manufacture 
that can increase the life and perform- 
ance of your equipment. 

For immediate attention to your ap- 
plication requirements, contact the fac- 


&, 


Rating: 50 to volts PIV . 25 te 45 Amps. 
tory or our nearest sales office. Bulletin 
SR-304-A, describing these diodes in 
technical detail is now available. 
CIRCLE READER SERVICE CARD NO. 243 
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Assembling Your Own Silicon Stacks? 


Write on letterhead for technical article 
“Mounting Methods and Cooling Con- 
siderations — Silicon Stud Mounted Di- 
odes.” Ask for Rectifier News—RN858. 
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New Developments Broaden the Application 
Range of the Toughest of Rectifiers . . . Selenium! 


Engineers who really know will tell 
you that the selenium stack is a veri- 
table “brute for punishment!” Over the 
years it has proven to be the most de- 
pendable and versatile rectifier for the 
greatest number of power applications. 
Progressive developments at Interna- 
tional Rectifier have resulted in cell 
types with distinct advantages to equip- 
ment where selenium has consistently 
proven best and have also opened new 
areas of application where it will excel. 


52 VOLT CELLS reduce stack size 50% 
as compared to standard cells, and by 
reducing the number of cells, reduces 
forward resistance by 50%, making im- 
provements in the regulation of power 
supply voltage sali, 


HIGH CURRENT CELLS now deliver twice 
the rectified dc output per sq. in. than 
do the standard cells . . . again reduc- 
ing stack size by 50%. High inverse 
voltage ratings and low forward drop 
are additional advantages. 


RMAT 
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Only International Stacks have the 
three features that add up to dependa- 
bility: Fine Grain Selenium Layer, 
Platelok Construction and the Patented 
Bellows Spring. 

If you design battery chargers, arc 
welders or mag amp equipment, look 
into these advancements. Write direct 
for Bulletins SR-152 and SR-160 or, 
if you prefer... 
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@ THERMISTOR 


G-E high temperature 
thermistor RF-111 is ca- 
pable of sensing tem- 
peratures up to 750° F. 


General Electric 
RF-111 Thermistor 








DETECTS EXPLORER I'S 
SKIN TEMPERATURE 
IN OUTER SPACE 


One of the critical pieces of infor- 
mation relayed from space by 
Explorer I was the external skin 
temperature of the satellite as it 
orbited from sun to shadow 
around the earth. This exacting 
job of sensing temperature var- 
iations was assigned to a standard 
General Electric RF-111 high 
temperature thermistor. 


Thermistors are thermal-sensi- 
tive semi-conductors with large 
negative temperature coefficients 
of resistance. In some types of G-E 
thermistors, it is possible to double 
the resistance with a temperature 
change of as little as 20°C. 

In addition to temperature meas- 
urement, control, and compensa- 
tion, G-E thermistors can suppress 
initial current surges which 
damage filaments or trip relays. 
They also are used in time delay, 
sequence switching, and voltage 
regulating devices. 


General Electric thermistors can 
be supplied with resistance values 
from 1 to 10,000,000 ohms and 
temperature coefficients of resist- 
ance from —1% to —5% at 
25°C. For more technical infor- 
mation—or the assistance of a G-E 
engineer — write: Magnetic Ma- 
terials Section, General Electric 
Company, 7804 N. Neff Street, 
Edmore, Michigan. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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cation for Electric Power Connectors. 
$1.80. 

SG 3-1958, NEMA Standards Publi- 
cation for Low-Voltage Power Circuit 
Breakers. $3.00. 

SG 14-1958, NEMA Standards Pub- 
lication for Electrical Connectors for 
Copper Conductors. 20¢ 


Copies may be obtained from the 
National Electrical Manufacturers As- 
sociation, 155 E. 44th St.. New York 
7; 2, 


Book Reviews 





Principles of Noise. By J. J. Free- 
man. John Wiley and Sons, Inc.. 440 
Fourth Ave.. New York 16, N. Y. 


299 pages, price $9.25, 


Enough of the principles, facts, and 
techniques used in noise analysis are 
given to enable the reader to use the 
available literature as a_ professional 
tool. The book deals with such topics 
as probability, stationary random proc- 
esses and their transformation, power 
spectra, and noise factors of various 
circuits. Also explained are the rela- 
tionship of one concept to another, why 
each concept was created, what its use- 
fulness is, and what its limitations are. 

As background an initial chapter on 
Fourier series and integral is provided. 
Of particular interest to the practising 
engineer is a chapter on the physical 
sources of noise. Included in the latter 
are discussions of the origination of 
noise in resistors, diodes, triodes, and 
other electron tube arrangements. 

\ final chapter on target noise will 
be of interest to radar and tracking 
system engineers. 


Control System Components. by 
John E. Gibson and Franz B. Tuteur. 
McGraw-Hill Book Co.. Inc., 330 W. 
42nd St.. New York 36. N. Y. 493 


pages, price $12.00. 


The authors of this work are to be 
highly commended for their emphasis 
on the conception of the approximate 
transfer function as applied to limited 
operating ranges of non-linear devices. 
This makes it possible to maintain a 
continuity of treatment in the book, 
and to establish a relatedness among 
electronic, electromechanical and me- 
chanical devices that is in marked con- 
trast with usual strongly compart- 
mented discussions of control compo- 
nents. Without the common denomi- 
nator of the transfer function, there 
has been a tendency for works devoted 
to control components to be seriously 





Save space 
with these 
Johnson 
miniature 
capacitors! 


Perfect for 
compact RF 
equipment... 


These tiny variable capacitors pro- 
vide the ideal solution to compact 
design problems. Requires just 5%” 
x 34” panel area—the longest model 
extends only 1 17/64” behind panel. 
Soldered plate construction, over- 
sized bearings, and heavily anchored 
stator supports provide extreme ri- 
gidity—torque is steady—rotor 
stays ‘‘put”’ where set! Bridge-type 
stator terminal provides extremely 
low inductance path to Boru stator 
supports. Nickel-plated rotor con- 
tact—steatite end frames DC-200 
treated. Single section, butterfly, 
and differential types available. 


SPECIALS—Johnson Miniature Air Var- 
iables are available in production quan- 
tities with the following features: 
1. Locking bearing. 2. 180° stop. 3. Var- 
ious shaft extensions. 4. High torque. 
5. Silver or other platings. 

For complete information on these 
miniature capacitors or other Johnson 
electronic components write for your 
free copy of our newest components 
catalog. 


Free 


iat 


| E. F. Johnson Company 


Contains complete spec- 
ifications on all Johnson 
electronic components. 





2619 Second Ave. S.W. « Waseca, Minnesota 
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WHY DO LEADING MACHINE TOOL DESIGNERS 
SPECIFY REULAND PRECISION 
MACHINE TOOL MOTORS? 


The answer is that these men know Reuland Precision 
Machine Tool Motors are made specially, and only, for 
machine tool use. Not just another motor that can be 
“adapted to fit,’’ but a completely new concept that 
finally achieves the vibrationless operating character- 
istics so vital to precision machine tool operation. 
Dynamic Balancing at our factory tunes every motor 
to the jewel-like perfection of a fine watch. Bearings On 
Each Side Of Rotor hold it solidly in dynamic position 
...lock this true balance in forever once itis achieved. 
Radial Air Gap Design permits the use of a light, narrow, 
low inertia rotor which, in turn, assures smooth starts 
and quick steps. The motor’s overall length is also re- 
duced to give it a thinner ‘‘wafer’’ effect. Fin-Type Cast 
Aluminum Alloy Frames dissipate heat approximately 
three times faster than cast iron. Smooth Castings and 

















Pleasing Lines are the exterior quality trademarks. All 
surfaces are specially processed for smoothness and are 
given a fine, baked enamel finish. This fine-quality finish, 
together with the motor’s naturally pleasing lines, assures 
a harmonious blend with the lines of every machine tool 
on which it is mounted. (When desired, the motor’s 
frame size can be varied to fit an exact contour of your 
machine.) All Heavy Duty Ratings... % h.p. through 10 
h.p....are available in totally enclosed fan-cooled and 
totally enclosed non-ventilated types...either continuous 
or intermittent duty. 

SEE WHAT REULAND CAN DO FOR YOU...by actually testing 
a Reuland Machine Tool Motor on your machine. So 
sure are we that you will like what you see, we are offering 
to engineer a demonstration unit to your we 
equipment without the slightest obligation. 

Just write us. 

Our new 8-page brochure “MODERN POWER 

FOR MODERN-DAY PRODUCTS’’ will be helpful 

in your work. Sent free on request. 





MODERN POWER FOR MODERN-DAY PRODUCTS 


Western Division: Alhambra, Calif 
Eastern Division: Howell, Michigan 
. Distributors in all principal cities 
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How an ... automatically becomes a 
UNTHREADED 


strong THREADED member 
stud, rod, ere aaa 


wire or rivet... for tight assembly -- 











a 











— when fastened with low-cost, high-speed 


© SEL READI 

A \ lJ F-TH NG 
PALNUT Self-threading Lock Nuts are spring-tempered steel fasteners 
with a special thread-forming design. Fastening operation forms threads 
while tightening. Effective on zinc, aluminum, steel or brass. Assembly is 


easy and fast using standard tools—extra fast using PALNUT magnetized 
wrenches. Hold tight under vibration whether seated or unseated. 


TYPE ST--WASHER BASE 


This one-piece Self-threading nut 
performs functions of ordinary nut, 
lockwasher and flat washer. Available 
in several base diameters; also with 
bonded-in plastisol compound to seal 
out water and dirt. Sizes for 1,", 3%” 
and 14” dia. unthreaded studs and rod. 


Deep, clean threads assure May be removed and re-used 
high torque and tensile values. on same studs. 


Thread-forming teeth exert 
Hex form fits all standard powerful vibration-proof grip 
tools and shanks. on studs. 


Full contact (360°) on 
work surfaces, flat or 
irregular, on perpendic- 
ular or off-angle studs. 


Resilient washer face 
spans holes and slots. 


TYPE RST-- REGULAR HEX 


This compact Self-threading nut requires shorter 
stud or rod space, less seating area. Costs less, 
assembles as fast as push-on nuts, parts stay 
tighter, can be removed and re-used. May be 
driven with internal wrench. Sizes for 1%", 59” 
and 3,” dia. unthreaded studs and rod. 


Write for literature and free samples, stating type, size and application. 


THE PALNUT COMPANY, 66 cien Road, Mountainside, N. 5. 


#EEy LOCK NUTS 
PA L N U T FASTENERS ral 


Quick, secure fastening at low cost 
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lacking in unity and to approach purely 
descriptive “catalog” listing of unre- 
lated items. As promised by the title. 
the book is complete and contemporary 
in that it includes thorough coverage 
of mechanical, hydraulic and pneumatic 
components in addition to electronic 
and electrical. Ah. &. R. 


Automatic Process Control. By 
Donald P. Eckman. John Wiley & 
Sons, Inc.. 440 Fourth Ave... New 
York 16, N. Y. 368 pages. $9.00. 


Written for all engineers who are con- 
cerned with instrumentation, this book 
treats the important principles of auto- 
matic control, emphasizing block dia- 
grams and frequency techniques’ in 
process control. It begins with process 
analysis and carries on into the gen- 
eralized behavior of closed-loop systems. 
System problems are given a great deal 
of study. 

The techniques of analysis are used 
to the fullest extent. and enough detail 
is carefully presented so that some of 
the more difficult’ problems in auto- 
matic process control may be inspected 
closely. The author uses numerous 
problems with answers, and includes 
nine detailed experiments, including the 
analog computer. 

Special topics covered include: new 
electronic controllers: control elements 
and actuators; nonlinear elements often 
encountered in process control; Nyquist 
and Bode diagrams: fluid and thermal 
process control; computer optimizing 
control. 


Basic Feedback Control System 
Design. By C. J. Savant, Jr. Me- 
Graw-Hill Book Co... Inc... 330 W. 
12nd St.. New York 36. N. Y. 418 


pages, $9.50. 


This book teaches the fundamentals of 
servomechanism theory and design by 
means of practical examples from the 
student’s own point of view. The author 
bases the study of feedback control 
system design on complex frequency 
plane analysis—the root locus.  Fre- 
quency methods, such as that of Nyquist 
and Bode, are included for complete- 
ness. A wide range of servo transducers 
and components are covered. While 
emphasis is on linear servomechanism 
design, a chapter is included on non- 
linear servo analysis. 

The book features a new approach 
to automatic control: instead of using 
only the frequency analysis method, it 
bases the design on a combination of 
the root-locus method and the frequency 
method. Most of the text is developed 
by means of practical, numerical ex- 
amples. Theoretical derivatives are in- 
cluded where necessary. Components 
are discussed from the point of view 
of how to use them in designing sys- 
tems, rather than just how the com- 
ponent works. 


ELECTRICAL MANUFACTURING 








Demonstrated 
* e 

Precision and 

* age 
Reliability 
Clarostat Series 49M Miniaturized 
Wire-Wound Potentiometers are used 
in the critical electronic system 
of the famous air-to-air Sidewinder 
missile. This is one more example 


of Clarostat precision — 
precision you can count on. 


OFFICIAL US NAVY PHOTOGRAPH 


CLAROSTAT MINIATURIZED 
WIRE-WOUND POTENTIOMETERS 


Precision wire-wound potentiometers designed for the most critical 
military and commercial use where space is at a premium, yet there can 
be no compromise with reliability. Clarostat Series 49M Potentiometers 
are available in single or dual units and may be ordered in encapsulated 
models for maximum resistance to moisture or other ambient conditions. 
Ordering variables include: resistance and tolerance; function 
characteristics; bushing length; shaft length and configuration and 
relation to contact; locating pin position; and construction. 


SR 


Z 


| 7 [@wourrme SURFACE SPECIFICATIONS 


z “a+ 3 
—+| 054° ; Power Rating — 1.5 watts @ 40° C. 
} ‘es Insulation Breakdown Test — Between terminals 


[| powasenr-en “TI and ground for 1 minute, 1000 V ac @ 3.4” Hg. 

| ; Resistance Range — 1 to 20,000 ohms. 

Resistance Tolerance — +5% 

End Resistance — In accordance with MIL-R-19 
specifications. 

Tapers — Linear only. 

Mechanical and Electrical Rotation — 300°, +3° 

Effective Rotation — 300°, +3° 

Torque — 0.5 to 3 oz. in. (Also available with 
locking type bushing up to 20 0z.in.) 














“1/4-32 NEF-24 





* UNLESS OTHERWISE SPECIFIED 


WRITE FOR COMPLETE DETAILS... 
CLAROSTAT MFG. CO., INC.., DovER, NEW HAMPSHIRE 


Clarostat Means Precision You Can Count On 
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Association Activities 





NEMA Elects Officers for 1959 


At its 32nd Annual Meeting, held in 
Atlantic City November 10-13, the Na- 
tional Electrical Manufacturers Asso- 
ciation re-elected Joseph L. Singleton 
of Allis-Chalmers Manufacturing Co., 
Milwaukee. as president 
for the ensuing year. Mr. Singleton, 
who is vice president, Industries Group. 
of Allis-Chalmers, was first elected 
NEMA president last July to fill the 
unexpired term of the late W. V. 
O’Brien of General Electric Co. Mr. 
Singleton has been a member of the 
NEMA board of governors since 1952. 
He was elected to the Allis-Chalmers 
board of directors in 1951. 

The Association also re-elected its 
treasurer and three vice presidents. 
Re-elected treasurer is J. R. MacDon- 
ald, chairman of the board and presi- 
dent of General Cable Corp., New 
York. Vice presidents re-elected are: 
A. D. R. Fraser, president, Rome Cable 
Corp., Rome, N. Y.; Frank H. Roby, 
executive vice president, Federal Pa- 
cific Electric Co., Newark, N. J.; and 
N. J. MacDonald, The Thomas & 
Betts Co., Elizabeth, N. J. 

Newly elected vice presidents are: 
Chris J. Witting. vice president, West- 
inghouse Electric Corp., Pittsburgh: 
and W. R. Persons, president, The 
Emerson Electric Manufacturing Co., 
St. Louis. 

Eight new members were elected to 


the NEMA Board of Governors: J. W. 


association 


J. L. Singleton (right), president of NEMA, conversing with 


J. R. MacDonald, NEMA treasurer. 
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McMullen, vice president and general 
manager, Power Equipment Diy., Allis- 
Chalmers Manufacturing Co.; E. F. 
Mulligan. president, Abolite Lighting 
Div.. The Jones Metal Products Co.; 
C. H. Bartlett, vice president, West- 
inghouse Electric Corp.: O. L. Dunn, 
general manager, D-C Motor and Gen- 
erator Division, General Electric Co.; 
Elisha Gray, II, president, Whirlpool 
Corp.: A. G. Patterson. president, 
Square D Co.; Robert L. Westbee, vice 
president. Minnesota Mining & Mfg. 
Co.; and W. C. Wichman, general 
manager, Hot Point Division, General 
Electric Co. 

Incumbents re-elected to serve on 
the board for another three-year term 
are: A. A. Berard, president, Ward 
Leonard Electric Co.; S. M. Ford, 
president, The Silex Co.; A. D. R. 
Fraser, president, Rome Cable Corp.: 
G. E. Heberlein, vice president-engi- 
neering, I-T-E Circuit Breaker Co.; 
j. R. MacDonald, chairman of the 
board and president, General Cable 
Corp.; Thomas McDonald, executive 
vice president, Minneapolis-Honeywell 
Regulator Co.; and F. H. Roby, ex- 
ecutive vice president, Federal Pacific 
Electric Co. 

Ralph J. Cordiner, chairman of the 
board of the General Electric Co., 
was presented with the James H. 
McGraw Award for Electrical Manu- 
facturers. Mr. Cordiner was cited for 


W. R. Persons. 


his “outstanding personal leadership 
and continued encouragement and sup- 
port of the industry-wide sales pro- 
motion program which his company 
initiated.” The program referred to 
used the slogan “Live Better 

Electrically,” and has been keyed to 
assisting the electrical industry to 
maintain its historic rate of growth, 
particularly in the residential market. 


Industry Growth Cited 

Principal speaker at the annual 
luncheon was Don G. Mitchell, chair- 
man and president of Sylvania Elec- 
tric Products, Inc., who urged elec- 
trical manufacturers to plan larger 
capital expenditures in the next five 
or six years than they had in the last 
twenty in order to meet the growing 
demand for electrical products. He 
pointed to two predominant trends 
that are setting the pace for the en- 
tire industry—the broader use of elec- 
tric power and_ steadily increasing 
production of new and improved prod- 
ucts. By 1965, he said, annual con- 
sumption of electricity is expected to 
reach at least a trillion kilowatt hours, 
and shipments of electrical products 
should approach $40 billion. 

“This tremendous projected growth,” 
Mr. Mitchell said, 
dustry with challenges in two general 
areas of its business: 


“confronts the in- 


1. The development and application 
of new scientific information on the 
basis of which we develop new and 
improved products and_ services. 

2. The scientific approach to oper- 
ations as a whole, so that we can 
most effectively take these develop- 
ments from the laboratories and mar- 
ket them to the ultimate consumer.” 

“Making more of something is only 
part of the story.” Mr. Mitchell con- 
tinued. “We must make greater quan- 


Newly elected NEMA vice presidents: C. J. Witting (left) and 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


a) 





Allegheny Ludlum knows more about stainless 
than anybody... and puts it in print for you 


Allegheny Ludlum should know more about stainless 
than anybody: they've been the leading producer of all 
forms for more than 40 years. And the industry's only 
that old. 

Today, A-L produces more different sizes, shapes, 
finishes and alloys of stainless than any other company. 
Backing up its quality products are research and devel- 
opment facilities with people second to none. 

With know-how and experience gained over the years, 
Allegheny Ludlum keeps little of it secret: it offers the 
most complete selection of literature available anywhere. 


ALLEGHENY 


LUDLUM 


Literature, designed to help you learn more about 
Allegheny Stainless and how it can improve your product, 
is just one help offered by Allegheny Ludlum. You also 
get the best assistance from trained salesmen and tech- 
nicians, ready to help you on your specific problem. 

All this service is available through your Allegheny 
sales engineer. Call him today. Or, as a starter, write for 
the publication list describing the over 150 technical 
pieces made to assist you. 

Allegheny Ludlum Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. Address: Dept. EM-12. 


wsw 7122 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS ... 


EVERY HELP IN USING IT 
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CUT UNIT ASSEMBLY COSTS... 


GET HIGH-SPEED, 


LOW-COST FASTENING... 


TAKE ADVANTAGE OF AUTOMATIC ASSEMBLY 


Milford shows you how to cut assembly costs! 


Tubular rivets are basically a low-cost 
fastener. Feed and clinch them with auto- 
matic Milford Riveters, and you multiply 
the cost savings inherent in rivets. 


The Milford Riveter shown here is only 
one of a full line of automatic machines. 
Bench or floor models . . . single or mul- 
tiple spindle . . . manual or automatic, 
the Milford Riveter line is designed to 
solve your toughest assembly problems. 


Remember . . . these are basic rivet-setting 
machines. They can be tooled quickly and in- 
expensively for your particular assembly needs. 
And it’s up to you whether you buy or lease. 
For a complete line of fasteners . . . for fast, 
trouble-free assembly—look to Milford first! 


MODEL 220-BH 


RIVET CAPACITY: 342” dia. by 
¥%” length to %4” dia. by 
%” length. 


THROAT DEPTH: 11” 
POST HEIGHT: From 0” to 18” 


MILFORD 


HOPPER: Rotary 

CLUTCH: Single trip, non- 
repeating Horton type 

FLYWHEEL: 260 R.P.M. 

DRIVE: V-belt noiseless 


MODEL 220-BH 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF, 
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tities at lower and lower unit cost 
in order to hold our markets. let alone 
increase them. Not only that. but we 
must develop new products and new 
ways of making them—and we must 
do it in the face of a technology that 
is getting more and more complicated 
all the time.” 

Figures on capital expenditures 
were cited by N. J. MacDonald. presi- 
dent. The Thomas & Betts Co.. in con- 
nection with promotion of National 
Electrical Week of 1959. of which he 
is chairman. The theme of the observ- 
ance next year is “Electricity Builds 
Jobs.” With respect to. the electrical 
industry's impact on the economy and 
employment. Mr. MacDonald said that 
the electrical machinery industry and 
the electric utilities spent $4.300,000.- 
000 last year on plant and equipment, 
or 11.6 per cent of all such expendi- 
tures. In 1958 the amount is expected 
to reach $4,600.000.000. or 14.7 per 
cent of the expected total. 

The wealth created by the electrical 
industry and related services has been 
growing at a faster rate than the 
economy as a whole. In 1939. it con- 
tributed almost 5 per cent of the na 
tional income; by 1957. its share was 
over 61% per cent. 

The use of electricity by manufac- 
turing industries more than tripled in 
the years between 1939 and 1954, the 
last measurable period. The utility in- 
dustry has doubled its generating ea- 
pacity since 1949. 

In speaking of employment, Mr. 
MacDonald said that 3.194.000 people 
in the United States are working in 
some branch of the electrical industry 
or its related services. or from 3. to 
5 times as many employees as there 
were in 1939. 


Industrial Designers Institute 

Elects Officers 

At the annual meeting of the Board of 
Trustees October 9 and 10 in New 
York City. the Industrial Designers 
Institute voted unanimously to re- 
elect the following national officers: 
Robert E. Redmann. chairman. Indus- 
trial Design Dept.. Univ. of Bridgeport. 
as president: H. Creston Doner. Design 
Director, Libbey-Owens-Ford Glass Co.., 
Toledo, Ohio, as secretary: Leon Gor- 
don Miller, Consultant Designer. Cleve- 
land, Ohio; as treasurer: George A. 
Beck, Manager Industrial Design. Light 
Military Electronic Equipment. General 
Electric Co., Utica, N. Y.. as chairman 
of the board. 


Institute of Environmental Engineers 
Holds Third Annual Technical Meeting 
The Institute of Environmental Engi- 
neers will hold their Third Annual 
Technical Meeting at the LaSalle Hotel 
(Continued on page 259) 
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How Magnet Specialists Can Help Improve 
Your Product, Cut Design and Production Costs 


A close look at your product in the light of modern magnetic tech- 
nology may reveal ways to improve designs and manufacturing 
methods with resulting lower costs. Here’s a good way to begin. 


STUDY THE MAGNETS 
YOU'RE USING 


If your product now employs a 
permanent magnet, review these 
considerations: 

1. Is the magnet right for the job? 


2. Would a larger or smaller magnet 
improve the design, permit larger 
physical tolerances, etc? 


Example: A manufacturer was using 
Alnico V magnets in a high-quality 
intercom unit. Magnetic experts 
studied the design and found that 
83% of the energy of the magnet 
was nullified in actual operation of 
the unit. Equivalent results could 
be obtained with a smaller Alnico 
magnet or lower cost magnetic 
materials. 


3. Are all close tolerances in the 
design essential to the perform- 
ance of the product? 

Example: A radar manufacturer — 
to meet required tolerances—speci- 
fied an I.D. grind on a permanent 
magnet used in conjunction with a 
magnetron assembly. Cost of the 
magnet was $2.26. Study showed 
that the I.D. grind was not neces- 
sary, and the new magnet price is 
81.7¢ each. 

4. Would a different magnet mate- 
rial perform more efficiently in 
this application? 

Can the design of the magnet it- 
self be modified for greater effi- 
ciency, lower cost? 


Example: A manufacturer of small 
electric motors used two Alnico V 
magnets and two pole pieces in a 
motor assembly. These four ele- 
ments have been eliminated in a 
design that uses one Indox ring 
magnet — a multiple saving in ma- 
terial, parts and labor. 


TOOLING WITH MAGNETS 


Literally thousands of manufactur- 
ers have cut factory costs with 
permanent magnets in tooling, proc- 
essing, material handling and pro- 
duction devices. A partial list of the 
most common applications will in- 
dicate the wide range of jobs a 
permanent magnet can do effectively 
and at low cost. 
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PARTS CONVEYOR 
Magnets eliminate clamps and hooks, 
simplify loading and removal of parts. 
CHIP RETRIEVER 
Collects chips and other iron par- 
ticles from coolant, lubricant, etc. 
PIPE ROLL 
Handles ferrous pipe and tubing at 
high speed without slippage. 
SHEET FANNER 
“Fans” sheet steel in stacks to sim- 
plify pickup and handling. 
FLOOR SWEEPER 
Picks up iron scrap, tools, etc. from 
plant floors, drives and parking lots. 
TOOL HOLDER 
Keeps tools handy and orderly, 
speeds work. 
SEPARATORS 


Magnetic pulleys, plates or drums 
remove tramp iron from non-ferrous 
materials in every industry. 





WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 





RESEARCH AND 
DEVELOPMENT 


Magnetics is a highly specialized 
science. Too often, competent engi- 
neers who are without the required 
testing facilities and experience will 
spend months studying a magnetic 
circuit for a proposed product, final- 
izing a design that could have been 
completed in a few weeks with the 
help of specialists. 


Nobody knows magnetics like 
Indiana Steel Products ...and In- 
diana makes all kinds of magnet 
materials, can recommend exactly 
the right magnet for your specific 
application. You are invited to con- 
sult with our engineers and scientists 
on any problem involving perma- 
nent magnets. Write today for new 
free catalog, “Cast and Sintered 
Alnico Permanent Magnets.” Ask 
for Catalog No. 19-B12. 


INDIANA 
PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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Since the basic relay and its 


many contact forms, ratings, 

R B M and terminal variations are reg- 
ular production items at RBM, 

AC OR DC design bottlenecks can be shat- 
tered. RBM has “CUSTOMER- 


GENERAL ized” these relays to fulfill al- 


most every conceivable require- 


RBM : ~ 2 Y a PURPOSE ment. This vast background of 


application engineering can 
98000 


SERIES 





serve you with design shortcuts 
... lower your “finished prod- 
uct” cost. Ask your RBM prod- 
uct application engineer. 


AT LOWER Your'FINISHED PRODUCT Cosy! 


Ac. DC. 
MANY ARE OTHER FEATURES 98700 TYPE | 98600 TYPE 


L/STED BY U/. \ 
FILE NOS. & 12/39 OR E2238! <=> ®@ MAX. CO/L VOLTAGE 230AC H& DC 





PRESSFIT PILE-UP © MAX.COIL RES. 20000 


ELIMINATES DRIFT; /N OHMS 


ASSURES CONTACT SS = e MAX.COIL WATTS 9.0VA. INRUSH 


STAB/L/ 40 Ww. 
a OR VOLT AMPS. 6.5 V.A.SEALED 


Apc eects sa ve = - © MAX. CONTACT FORM | 5957 1s amps| 20T ISAMPS. 
RENT 

FOR LOW VOLTAGE AND/oR _— ei i sie 4POT 6AMPS,| 4 POT 6AMPS, 

Low CURRENT CIRCUITS AT 32¥. OC OR 115 V. 6 POT 3AmPS| GPDT ZAMPS. 

(NON-INDUCTIVE LOAD ) 


S/MPLIFIEO MAGNET 3 
FRAME AND ARMATURE : ®@ APPROX.WE/GHT 4/0Z. 
ASSEMBLY PROVW/DES 


EFFICIENT, POSITIVE 
ACTION ALSO AVAIL ABLE IN 97000 SERIES 


PROVIDING APLCITIONAL CO/L 
POWER... GREATER SENSITIVITY 








VARIETY OF 
MOUNTINGS AVAILABLE 


Consult Your Local RBM Product Application Engineer or Write For Bulletin 1060 


RB M1 Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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BEE 


in Chicago on April 22, 


Dec. 1-3—45th Semi-Annual Meet- 
ing of The American Society of 
Refrigerating Engineers, Roosevelt 
Hotel, New Orleans, La. 


Dec. 1-5— 23rd National Exposition 
of Power and Mechanical Engineer- 
ing, under auspices of ASME, New 
York Coliseum, New York City. 


Dec. 2-4—3rd EIA Conference on 
Reliable Electrical Connections, 
Statler-Hilton Hotel, Dallas, Tex. 

Dec. 2-4—Seventh Annual Sympo- 
sium on Technical Progress in Com- 
munication Wires and Cables, jointly 
sponsored by industry and U. S. 
Army Signal Research & Develop- 
ment Laboratory, Berkeley-Carteret 


Hotel, Asbury Park, N. J. 


Dec. 3-5—FEastern Joint Computer 
Conference, sponsored by AIEE, 
IRE and the Association for Com- 
puting Machinery, Bellevue Strat- 
ford Hotel, Philadelphia, Pa. 


Dec. 3-5—2nd National Symposium 
on Global Communications, spon- 
sored by the IRE Professional Group 
on Communication Systems and the 
AIEE, Colonial Inn Desert Ranch, 


St. Petersburg, Fla. 


Dec. 4-5—National Conference of 
the IRE Professional 
Vehicular Communication, 
Sherman, Chicago, III. 


Group on 


Hotel 


Dec. 9-11-1958 Mid America 
Electronics Convention, 10th Annual 
Technical Conference, sponsored by 
Kansas_ City IRE, 
Municipal Auditorium, Kansas City, 
Mo. 


Section of 


Dec. 26-31—125th Annual Meeting 
of the American Association for the 
Advancement of Science, Washing- 
ton, D. C. 


23 and 24, 


1959. In conjunction with the annual 
meeting, the IEE will sponsor an equip- 
ment show where leading manufactur- 


ers 


of environmental test equipment 


will display and discuss their latest 
chambers. Many instrument suppliers 
will also be present. 

In addition, a program of technical 
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Jan. 12-14—5th National Symposi- 
um on Reliability and Quality Con- 
trol, sponsored by the American 
Society for Quality Control, IRE, 
AIEE, and ETA, Bellevue-Stratford 
Hotel, Philadelphia, Pa. 


Jan. 26-27—First Annual American 
Society of Lubrication Engineers 
Gear Morrison Hotel, 
Chicago, Il. 


Symposium, 


Jan. 26-29-—65th Annual Meeting 
of the American Society of Heating 
and Air-Conditioning Engineers, and 
the 14th International Heating and 
Air-Conditioning Exposition, Phila- 
delphia, Pa. 

Feb. 3-5-—-14th Annual Technical 
and Management Conference, spon- 
sored by Reinforced Plastics Div., 
Society of the Plastics Industry, Inc., 
Edgewater Beach Hotel, Chicago, lil. 


Feb. 12-13—1959 Solid State 
Circuits Conference, sponsored by 
IRE Professional Group on Circuit 
Theory, AIEE Committee on Elec- 
tronics, IRE and AIEE Philadelphia 
Sections, and Univ. of Penn., Phil- 
adelphia, Pa. 


Mar. 3-5—Western Joint Computer 
Conference, sponsored by IRE, 
PGEC, AIEE, and ACM, Fairmont 
Hotel, San Francisco, Calif. 

Mar. 16-20-— Eleventh Western 
Metal Exposition and Congress, 
sponsored by the ASM and other 
technical groups, Pan-Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles, Calif. 


Mar. 23-26—IRE National Conven- 
tion, Coliseum and Waldorf-Astoria 


Hotel, N. Y. 


Mar. 26—Fifteenth Annual Quality 
Control Clinic, sponsored by Roch- 
ester Society for Quality Control, 


Univ. of Rochester, Rochester, N. Y. 


papers and panel discussions will be 


conducted by men well-noted for 


their 


achievements in environmental science, 
particularly in relation to the testing of 


aircraft, missiles and_ possible 
craft of the future. 


Further details can be gotten 


1959 meeting chairman, A. Billet, 


c/o Vickers, Inc., Detroit 32. Mic 


space 


from 


IEE, 


*h. 


They can bo your design assistan's 
on other Essex Engineered Products. 





W/RE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, Ind. 
PAR ©. 





CO/LEO CORDS-CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN. 


Write for Coil Cords Literature © 
Cords Limited Division, DeKalb, Ill. ® 








- 


A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme environ- 
mental conditions. 

Write for Bulletin MS-3 


R-B-M Control Div., Logansport, ind. @ 


SX IB of-T-5 op. 


WIRE CORPORATION 
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' WATERPROOF 
| Luxolene | MOLDED COILS 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in _ green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 . Wabash, Indiana 
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GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 
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H ere’s a practical way to use the ELECTRICAL 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


Men in Industry 





Lewis W. McKee has been made chief 
product engineer for The Barden Corp.. 
Danbury. Conn. Mr. McKee is in charge 
of product design and application. He 
joined Barden in 1947 as product 


engineer. 


Carey A. Evans has been appointed 
manager of engineering for the Elec- 
tronics & Instrumentation Diy. of Bald- 
win-Lima-Hamilton Corp.. Waltham. 
Mass. Mr. Evans comes to Baldwin- 
Lima-Hamilton after 16 years with the 
General Electric Co., where he spent the 
last 4 years as manager of engineering 
of the Advanced Manufacturing De- 
velopment Section of the Component 
Products Div., Fort Wayne, Ind. 


Clarence A. Wetherill has been ap- 
pointed chief engineer of Stromberg- 
Carlson, San Diego. Prior to his asso- 
ciation with Stromberg-Carlson, he was 
assistant chief electronics engineer and 
head of the electronic development 
group for Convair-San Diego. 


Jack Rosenberg has been appointed 
manager of engineering for Electronic 
Control Systems, the Los Angeles facil- 
ity of the Electronics Div. of Strom- 
berg-Carlson, Rochester, N. Y. Mr. Ros- 
enberg, who joined ECS in 1954, was 
the project engineer in charge of the 
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Now with General Plate 
Electrical Contact Tape... 


You Can Q a. aad 


SAVE UP TO 40% 
On Contact Cost 


General Plate Electrical Contact Tape can be applied to any large-volume contact 
design, permitting the automatic assembly of two or more parts in a single operation. 


In addition... Tape contacts are easily attached by spot welding methods. They are self-aligning 
Contact Tape permits: ... allow broader assembly tolerances. Because of this, tape contacts reduce assembly 
e@ Broader latitude in costs and eliminate or reduce adjustment time. 


ys a assembly Tape contact material is supplied in long continuous lengths which simplify ma- 
esign 


@ Smaller contacts for eae ' : . . : 
same electrical loads In addition to supplying clad electrical contact tape material, General Plate is 


@ Weight-saving equipped to weld contact tape sub-assemblies for you. 


terial handling. 


@ Simpler material Design engineers are invited to make use of General Plate contact engineering serv- 
handling ices ... for material selection . . . parts design . . . samples. 
Let us make an electrical contact cost analysis on products you want to automate. 
Find out how General Plate electrical contact tapes, as well as other clad contacts, 
can be put to work for you. 


METALS & CONTROLS WAI] CORPORATION 


General Plate Division i ait 1912 Forest St., Attleboro, Mass. 





FIELD OFFICES: NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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Send for this 


FREE SAMPLE 


Contains 25 different 


test samples of high - dielectric 


INSULATING TUBING and SLEEVING 


Includes samples and descriptions of . . . 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. 
Withstands temperature from —85°F to 500°F. 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 
quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 


formulations to meet unusual requirements. 


anflog: MAIL COUPON TODAY 
A 


FOR SAMPLE FOLDER 
BO 


Matron of j 


<a / VARFLEX CORPORATION 
“eS 


504 W. Court St., Rome, N. Y. 
Please send me free folder containing samples of your electrical tubing and sleeving. 
1 am particularly interested in insulation for 
Name 
Company 
Street 


<a : ; ; . Zone 
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development of the “Digimatic” line of 
controls for machine tools and other pre- 
cision equipment. He will be responsi- 
ble for all engineering activities at ECS. 


Beckman Instruments, Inc., Fuller- 
ton, Calif., has appointed Max D. Liston 
as director of engineering. Mr. Liston 
founded the Liston-Becker Instrument 
Co., Stamford, Conn., and served as 
manager after it was acquired by Beck- 
man Instruments in 1955. An authority 
in the field of infrared analytical instru- 
mentation, he holds about 30 patents 
for his inventions. 


Harry H. Goode has been named tech- 
nical director of the Systems Div. of 
Bendix Aviation Corp., Ann Arbor, 
Mich. Mr. Goode will be responsible 
for the direction of all functional tech- 
nical groups at the Bendix Div. 


Filtors, Inc., Port W ashington, Ms Ss 
has appointed Louis De Lalio chief en- 
gineer. Prior to his association at Fil- 
tors, he was employed by Norden Ketay 
Corp. as chief potentiometer engineer, 
where he developed high accuracy 
linear and function potentiometers and 
potentiometer components. 


International Resistance Co., Phila- 
delphia, Pa., announces the recent ap- 
pointment of Jack R. Isken to chief of 
reliability and quality engineering. Mr. 
Isken joined IRC in 1954, and has held 
the positions of supervisor, quality as- 
surance, for the Philadelphia plant, 
and chief product engineer of IRC’s 
Hvcor Div. 


Glen R. Simmons, who has held en- 
gineering, development and production 
posts with the Western Electric Co. for 
21 years, has been appointed director 
of research and development at the 
Western Electric Engineering Research 
Center, Princeton, N. J. He was for- 
merly superintendent of manufacturing 
engineering at Western Electric’s Haw- 
thorne Works in Chicago. 


Dr. John H. Buck has been appointed 
vice-president—engineering for BJ Elec- 
tronics, Borg-Warner Corp., Santa Ana, 
Calif. Mr. Buck was formerly vice 
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Le RS Manifac litre 


The precision manufacture of Merkle-Korff fractional 
horsepower geared motors is a ‘“‘plus’”’ value not ordinarily 
found in such general purpose industrial units. It makes 
Merkle-Korff units a wise investment, for assurance of un- 
interrupted performance is of paramount importance when 
unit cost may be less than the costof a service call or repairs. 

The original Merkle-Korff design concept of high output 
per pound electric motors combined with high efficiency 
spur gearing is further advanced by precision manufacture. 
Every step in processing, starting with materials engi- 
neering, motor assembly, gear blank fabrication, hobbing, 
heat treating and finishing, to the final precision metered 
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lubrication of the sealed gear case, is rigidly controlled. 

Merkle-Korff guarantees precision manufacture with a 
statistical quality control program that consistently meets 
and exceeds the standard set, and a cooperative engineer- 
ing program with both prospective and present users of 
its fractional horsepower geared motors. 

Qualified engineering repre- 
sentatives available in all 
strategic industrial centers. 
Consultation on your needs or 
requirements is solicited. 
Phone, wire or write 


° 
'e. 
od 


F 
(CHAD 
Ss 


*é 
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a, Went ay, 
fexq 


MERALESREREF GEAR. Ue 


211 NORTH MORGAN STREET * CHICAGO 7 ILLINOIS 





PROTECT 


Atmospheric corrosion, a major consideration in marine design engi- 
neering, poses no problem when Apex covered universal joints are 
specified. All working parts on these Apex joints, used on valve 
operating gear, are built of high-strength alloy steel for long service 
life. The covers provide full protection against corrosion and insure 
clean, sustained lubrication and freedom from maintenance. 

The covered universal joint, an exclusive Apex development, has 
a natural application wherever joints must operate efficiently under 
corrosive or abrasive conditions, in wet or dry atmospheres, or in 
extremes of temperatures. Apex universal joints also offer high over- 
load capacity. superior fatigue resistance. lower deflection rate and 
a favorable strength-weight ratio per size. 

Catalog 28, containing complete information and _ specifications, 
may help solve your drive-line design problems. Write, on your 


company letterhead please, for your copy. 


1933 A Quarter Century of Service to Industry 1958 
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president and technical director of Well 
Surveys, Inc., Dresser Industries, Tulsa. 


Okla. 


Captain Hamilton O. Hauck, one of 
the Navy’s top missile men, joined the 
Guided Missiles Div. of Fairchild En- 
gine and Airplane Corp., Wyandanch, 
N. Y., recently as director of the divi- 
sion’s technical department. He _ will 
direct all engineering and research for 
the division. In his recent Navy post, 
Captain Hauck was directly responsible 
for all Bureau of Aeronautics missile 
development and test programs. 


Stanley Schneider has been appointed 
manager of engineering for the Helipot 
Div. of Beckman Instruments, Inc. He 
will direct the design, development and 
modification of precision potentiometers 
and power monitoring equipment. 


Gordon W. Johnson has been appoint- 
ed director of engineering at Pacific 
Magnetic Corp... Electronic Center, 
Romoland, Calif. Mr. Johnson has 
been research engineer for Columbia 
University, electronic engineer for 
Univae and, prior to joining PMC, was 
senior project engineer for Research, 
Inc. of Minneapolis. 


Company Briefs 








Genisco, Inc., Los Angeles, Calif.. has 
acquired all the capital stock of the 
Eldema Corp. of El Monte, Calif. Eldema 
produces miniature indicator lamps for 
digital computers and aircraft and in- 
dustrial control systems. Genisco manu- 
factures 3 principal product lines: 
centrifuges, rate-of-turn tables, and ac- 
celerometers. 


A new $1,250,000 plant was dedicated 
recently in Fairview, N. C.. by C. P. 
Claire & Co., Chicago, Ill. Located on a 
77-acre tract 11 miles southeast of 
Asheville, the plant provides 40,000 
sq ft of floor space. 


Bradley Laboratories, Inc., New Haven. 
Conn., will henceforth be known as the 
Bradley Semiconductor Corp., a name 
more descriptive of the Bradley line of 
current rectifiers, diodes, modulators 
and are suppressors. 


Stockholders of Thompson Products, 
Inc., Cleveland, recently voted approval 
of a proposal which enabled the com- 
pany to acquire by merger the proper- 
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DESIGN FLEXIBILITY 
plus PROVEN PERFORMANCE... 


a 


When you build-in R&M Motors... 


you build in customer satisfaction 


: R&M Universal Motors have proven to be dependable 

foot mounting performers in hundreds of OEM products used by millions 
of satisfied customers. You can be sure your product 
will give more years of reliable, trouble-free operation 
if it’s powered by R&M. 
Design engineers prefer R&M Universal Motors for their 
broad design flexibility. Consider these variables on 
standard models: AC or DC operation... 1/50 to 1/2 hp 
... pad, foot or end mounted . . . rotation in either direc- 
tion... open or totally enclosed. Custom designs with 
special ratings are also available. 


Build customer satisfaction into your next product! Write 
today for R&M Bulletin 444-EM! 


er eherrs ROBBING § MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


a © /P vy @ 


omovermuan) ® 
MOTORS nolisTs MOYNO PUMPS PROPELLAIR FANS 


end mounting 


Robbins & Myers build motors 
from 1/200 to 200 horsepower 
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lower costs... 
improve design 
save time... 
with 


EARS : PINIONS 


Cast in one piece, at one time—and 
one low unit cost! Produced precisely to your 
specifications, permitting a wide flexibility of 

design heretofore impractical. One- 

piece assemblies can be cast with shafts or center 
holes, or in combination with cams, hubs, spacers, 
flanges and other mechanical elements. Maximum 
size: 1-5/16” outside diameter x 1/16” face width; 
wider faces for smaller diameters. 


MANY COMBINATIONS AVAILABLE FOR LESS PRECISE 
APPLICATIONS FROM STOCK DIES AT NO TOOLING CHARGE. 


Write Today For Full Information and Samples 
Send specifications for prompt quotation—100,000 to millions 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


COMBINATIONS 
die cast in 


ONE 


piece! 


149 Beechwood Avenue, New Rochelle, N. Y. © Phone NEw Rochelle 3-8600 
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Jucrweased Jusalatiou 
BETTER CONNECTIONS 


No. 2-142 


JONES BARRIER 
TERMINAL STRIPS 


Leakage path is increased—direct shorts from frayed 
terminal wires prevented by bakelite barriers placed 
between terminals. Binder screws and terminals brass, 
nickel-plated. Insulation, black molded bakelite. Finest 
construction. Add much to equipment's effect. 


No. 2-142-% W 


Jones Means Proven Quality 


No. 2-142-¥ 


IIlustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above 
Panel with Solder Terminal below. Every type of connection. 


Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No. 
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, '/,-28 screws. 


Catalog No. 22 lists complete line of Barrier Strips, and other Jones Electrical Con- 
necting Devices. Send for your copy 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 


» 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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ties of its afhliate, The Ramo-Wooldridge 
Corp. of Los Angeles, and to change the 
corporate name to Thompson Ramo 
Wooldridge, Inc. 


A new space technology section has 
been formed in the aircraft equipment 
department of Westinghouse Electric 
Corp., Lima, Ohio. The space technology 
section will be responsible for the de- 
velopment of advanced electrical sys- 
tems. 


International Telephone and Telegraph 
Corp. has consolidated two of its divi- 
sions, Federal Telephone and Radio Co. 
Clifton, N. J.. and Farnsworth Electronics 

o., Fort Wayne. Ind. Headquarters of 
the consolidated division will be at 
Clifton and manufacturing operations 
will be maintained at both Clifton and 


Fort Wayne. 


Minneapolis-Honeywell Regulator Co. 
has purchased the Marion Electrical In- 
strument Co., Manchester, N. H. Roscoe 
\. Ammon, president of Marion, will 
continue as head of the operation, with 
no change in the present administra- 
tive. sales and production organization. 


Alpine Electronic Components Corp., 
Waterbury, Conn., has been formed to 
manufacture components and parts for 
the electronics field, including solder 
terminals, insulated standoff terminals 
and feed throughs. and panel and 


chassis hardware. 


American Machine & Foundry Co. has 
reorganized the two plants of its Leland 
Electric Co. division in Dayton and 
Vandalia, Ohio, into two separate divi- 
sions. In recognition of the company’s 
growing importance in the aircraft in- 
dustry, AMF has established the Leland 
Electric Aircraft Products division at 
Vandalia. The former Leland Electric 
Co. division in Dayton will now be 
known as the Leland Electric Motor 
division. 


IBM Corp., recently dedicated a 570.- 
000 sq ft manufacturing plant located 
in Rochester. Minn. The plant produces 
machines for IBM’s Data Processing 
Div. 


The Hoover Ball and Bearing Co., Ann 
Arbor, Mich., recently completed a 
move of its entire Ball and Bearing Div. 
to a new plant on a 90-acre tract just 
south of the Ann Arbor city limits. 
More than $314 million has been in- 


vested in the facilities. 


Librascope, Inc., Glendale. Calif.. has 
acquired Precision Technology, Inc., Liv- 
ermore, Calif. Precision Technology, 
Inc., has been incorporated into Libra- 
scope’s Engineering Div., establishing 
a new engineering department. 


(Continued on page 268) 
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NATIONAL ELECTRIC REPORTS... 


Tapes of Du Pont MYLAR® help improve building- 
wire performance... cut manufacturing costs 


PROBLEM: National Electric Products 
Corp., Pittsburgh, was seeking a higher- 
quality material to replace rubber-filled 
cotton tape used in their building wire. 
At the same time, they were looking for 
ways to cut manufacturing costs. 

SOLUTION: Du Pont ‘‘Mylar’’* polyester 
film. And ‘‘Mylar’’ costs less on a square 
foot basis than rubber-filled cotton tape. 
Tests proved a tape of “‘Mylar’’ im- 
mersed in water for 12 hours absorbed 
less than 1°; of its weight vs. 32°% for 


REG. u.s. pat OFF 
BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEM 


DU PONT 


MYLAR 


POLYESTER FILM 


DECEMBER 1958 


rubber-filled cotton tape. Building wire 
using 1 mil “‘Mylar’’ had 4 times the 
abrasion resistance of wire using 10 mil 
rubber-filled cotton tape. 


RESULTS: Reduced wire diameter and 
weight. In manufacturing, ‘‘Mylar’”’ per- 
mits additional savings because reduced 
cable diameter requires less braided 
outer covering material. The physical 
toughness of ‘““Mylar’”’ gives extra safety 
against damage by flexing, pinching, 
bending and abrasion. Resistance to 


PROPERTIES OF “MYLAR” 


“‘Mylar’’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH DIELECTRIC STRENGTH: Aver- 
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles. 


SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents. 


moisture and normal atmospheric oxi- 
dation is improved. 


HOW CAN “MYLAR” HELP YOU? Whether 
you use heavy duty cable, motors, trans- 
formers or miniaturized capacitors, it 
will pay you to investigate the per- 
formance benefits of ‘“‘Mylar’’. Com- 
ponent makers find this tough, thin 
film often costs less on an area basis 
than present insulation. For detailed 
information, send in the coupon. 


*“MYLAR” is Du Pont’s registered trademark for its brand of polyester film. 


». I. du Pont de Nemours & Co. (Inc.) 


Film Dept., Room EM-12, Nemours Bldg., Wilmington 98 Del. 
Please send booklet listing properties, applications 
and types of ‘“‘Mylar’’ polyester film available (MB-11). 


Application 
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sub-miniature 
relays 
with high performance 


characteristics 
6 / 


Vibration: 10 to 34 cycles per second at maximum excur- 
sions of .4”. 34 to 2000 CPS 20G’s acceleration. 

Weight: 0.45 ounce (max.) 

Size: .875” high x .797” wide x .359” thick max. 

Pull-in Power: 250 milliwatts at 25°C. 

Contact Rating: 2 Amps resistive at 32 VDC or 115 VAC. 


Vibration: 10 G to 500 cps. 
Weight: .09 oz. 


Size: H: .530” +.015; W: .392” +.010"; D: .196”+.010’; 
Lead length: 1.5” +.0625”. 


Pull-in Power: 100 Milliwatts. 
Contact Rating: .25 Amp at 28 VDC resistive load. 


Vibration: Low Frequency—10 G's, 10-55 CPS 
(total max. excursion, .06”). 
High Frequency—15 G's, 55-2,000 CPS. 
Anouncing Weight: 1.5 ozs., approximately. 
; Size: 14" +\;," sq. x 11%" +1k,”. 
BOCCRMANM § Pull-in Power: 340 Milliwatts at 25°C. 
Wie Contact Rating: 5 Amps at 26.5 VDC or 115 VAC, 


Cycles resistive load. 


Shock: 100 G's, per MIL-R-5S757C, Shock Test II. 


dvance Sub-miniature Relays 

are ideal for critical aircraft and mis- 

sile applications. They feature small size, low 
weight, and high-precision performance. All 
have low power requirements. complete data sheet: 


Write today for 


AVAILABLE FROM LEADING DISTRIBUTORS 


“SES” ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
tGIN ELGIN NATIONAL WATCH COMPANY 


Dept. C, 2435 N. Naomi St., Burbank, California 
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A million dollar plant has been ac- 
quired for the Rectifier Division of Audio 
Devices, Inc., of New York City. The 
new manufacturing plant is located at 
620 E. Dyer Rd., Santa Ana, Calif. 
Entire production facilities are devoted 
to making new types of silicon rec- 
tifiers. 


Components Corp. of Denville. N. J., 
has formed its Nuclear Instrument Div.. 
to be headed by Jerry B. Minter, who 
has been active in the instrument field 
since 1935. 


The Magnavox Co., Fort Wayne. Ind.. 
has announced formation of a new 
subsidiary to be known as Magnavox 
Astro-Physics Laboratories, Inc., at 
Rochester, N. Y. The new organization 
was formed to meet future defense 
needs in the fields of missile and space 
technology. 


Construction was begun recently on 
a one-story plant in Roanoke, Va., for 
the manufacture of special-purpose 
vacuum tubes by ITT Components Div. 
of International Telephone and Tele- 
graph Corp. The plant is scheduled for 
completion by the end of this year and 
will be used for the production of 
traveling-wave tubes, image-storage 
tubes and other special-purpose tubes. 


A new company, CFI (Ceramics for 
Industry) Corp., is manufacturing a 
wide variety of precision ceramic parts 
and composites in a 15,000-sq ft plant 
at Mineola, N. Y. The company was 
formerly a unit of Sylvania Electric 
Products, Inc. 


Ground-breaking ceremonies were 
held recently for a $1.7 million super- 
modern flight test facility at Bedford, 
Mass., that will permit Raytheon Manu- 
facturing Co. to speed development of 
needed electronic devices. The contract 
for the facility was awarded by the 
Navy’s Bureau of Aeronautics. The 
structure will permit Raytheon to re- 
duce the time now needed to run 
modification and electronic tests on 
missiles, aircraft equipment and associ- 
ated units. It is scheduled for com- 
pletion by early 1959. 


Bound Brook Oil-Less Bearing Co. of 
Bound Brook, N. J., will build an ultra- 
modern powder metallurgy fabricating 
plant at Sturgis, Mich. The million 
dollar plant will be geared to high- 
volume production of sintered bearings 
and parts. and will use various fabri- 
cating methods developed by Bound 
Brook engineers. Construction will be 
completed later this year. 


Miniature ball bearing operations of 
Federal-Mogul-Bower Bearings, Inc., De- 


troit, Mich., will be expanded substan- 
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SELF-LUBRICATING | | 


a 


prove a match for top payloads 
on ATHEY Rear Dump Trailers 


Oilite* Bronze Bearings have proven more than a match for the 
22 and 34-ton payloads on Athey Rear Dump Trailers. 
Oil-cushioned against shocks and impacts, these Oilite heavy-duty 
bearings have demonstrated that they will withstand years of 
punishment and still give satisfactory service. They require only 
infrequent lubrication and help Athey substantially increase the Porosity, % 
dependability of its hauling units. Yet, Oilite Bearings cost less 
than many other type bearings! 





TYPICAL PROPERTIES 
OF SELF-LUBRICATING BRONZE 
OILITE BEARINGS tf 








Ultimate Tensile 
Strength, (psi) . 
No wonder more and more designers are specifying popular Oilite Compressive 
self-lubricating Bearings for motor vehicles, appliances, engines, Strength (psi) 
power tools, machinery and countless other products. Elongation, 


Contact your local Oilite Engineer today. He'll gladly provide 7 —" 
complete design information to help you make your bearing Set eeetne 
and bushing applications low-cost, dependable and maintenance- Bi gee ia 
free. Look for him in your telephone directory under “Bearings— 

OILITE” or write direct to Dept. E-12. 











* REGISTERED TRADEMARK 
ONLY CHRYSLER MAKES O 


the most trusted name in powder metallurgy 


amen AMPLEX DIVISION 


CHRYSLER CORPORATION, DETROIT 31, MICHIGAN 
SELF-LUBRICATING BEARINGS © PRECISION PARTS © METAL FILTERS ¢ FRICTION UNITS 
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Long Kiln- Short Delivery 


High Alumina 


Ceramics 


Fast delivery of 95% and 85% High Alumina, to your most 
critical specifications, is assured by Centralab’s new 80 foot 
continuous kiln. First of its design in the United States, this 
new kiln is capable of producing 21 tons of exceptional 
quality High Alumina every month. Consistent reproduction 
of electrical and physical properties from batch to batch 


is guaranteed. 


Superior Electrical Properties 
at High Frequencies 


Extremely stable dielectric constant and a power factor of .00045 
at 9000 megacycles (see graphs of Bureau of Standards tests 
below) make Centralab Body 206 (95°, alumina) your logical 
choice for all types of high reliability electrical and electronic 


applications. 
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For complete specifications and design data write Centralab or 
consult Sweet’s Product Design File (folio 4 a/ce). 
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VARIABLE RESISTORS e SWITCHES 


A DIVISION OF GLOBE-UNION, INC 
962 ME. KEEFE AVE. © MILWAUKEE 1, WIS. 
In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario 


PACKAGED ELECTRONIC CIRCUITS 


CERAMIC CAPACITORS e ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 
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tially this spring with the construction 
of a new plant for the company’s 
Microtech subsidiary in California. The 
plant will be located in El Monte, 
Calif. Microtech now produces several 
types of miniature ball bearings in 
sizes ranging ° 
diam. 


from %2 to % in. in 


Static-Magnetic Regulated 


| D-C Power Supplies 


(Continued from page 113) 





lograms of Figs. 14-16 were taken 
Brush recorder. Frequency 
sensitivity is almost identical to that 
of the cvt; so far, frequency com- 
pensation has not proved practical. 
Construction. As shown in the 
frontispiece, the regulator is pack- 
aged on a specially designed ventil- 
ated chassis for 19-in. rack and panel 
mounting. All wiring is beneath the 
chassis; filter chokes, when required, 
are also mounted under the chassis. 
Chassis are designed in four heights. 
314 to 


and in two 
standard depths, with all components 
symmetrically to achieve 
maximum “chimney effect” for con- 
vection group of 
units is racked vertically. When reg- 
ulators are to be installed in original 


from 834 in., 


arranged 


cooling when a 


equipment with special space limita- 


| 
| 
4 } 
| 
= =. 
| 
1 | | i 
Solid line is /1/5v a-c input 
Ootted lines are /OO and 300v 
inputs ‘ | 
_-- + + 
| | 
| 
} | 
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: 
D-c amperes 
Load regulation of variable supply 


rated 60-180 volts d-c at 1.4 —2.0 
amp. 
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Problem: In the event a fan 
failed in one of their hair driers, 
Dominion Electric Corp., Mans- 
field, Ohio wanted the current to 
shut-off before dangerous overheat- 
ing could occur. Otherwise, the 
heating unit might destroy itself, 
ruining the hair drier and the ex- 
cessive heat could create a personal 
hazard to the user. 


Solution: A BUSS Heat-Limiter 
was installed in the heating unit 
circuit of the hair drier. Now, the 
Heat-Limiter opens and shuts-down 
the circuit should anything cause 
the temperature of the heating unit 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


DECEMBER 1958 


How DOMINION Electric Corp. 
Protects its Hair Driers Against 
Danger of Overheating... 


with BUSS Heat Limiters. 


to rise above the opening point of 
the Heat-Limiter. 


If overheating is a problem on 
your device ... it will pay you to 
investigate BUSS Heat-Limiters. 
Almost any electrical device or ap- 
paratus that is subject to dangers 
of overheating can be protected by 
a BUSS Heat-Limiter. Where ther- 
mostats are used, BUSS Heat- 
Limiters offer ideal ‘back-up’ 


protection should the thermostat 
fail. 


To meet your needs: — there’s 
a complete line of coil type, leaf 
type and element type Heat-Lim- 
iters. 

For more information use coupon 
or write for descriptive bulletin 
PRO-1. 

Bussmann Mfg. Division, 
McGraw-Edison Co., St. Louis7,Mo. 


EM-1258 


BUSSMANN MFG. DIVISION, McGrow-Edison Co. University at Jefferson, St. Louis 7, Mo. 


Please send bulletin PRO-1 on BUSS Heat-Limiters 


Name 
Company 


Address 
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BUSS Safety Valve HEAT-LIMITERS 





NOW! 


an important 


heat discovery for 


272 


design engineers 


as much 
heat 
concentration 
in V/s 

the space! 





a new standard in watts densities 
---and longer operating life! 

Never before in cartridge heating history has so much heat 
been available in so small a unit— 5 TIMES MORE HEAT IN 
THE SAME SPACE! Or as much heat in 1/5th the space. Here 
is new design flexibility for many heretofore difficult or impossible 
applications. In addition, WATLOW FIREROD Cartridge Heat- 
ers will give you much longer life than ordinary cartridge heaters. 

The FIREROD is available in lengths from %” to 12”, in dia- 


meters of %”, ®”, and %”. 


FREE ILLUSTRATED LITERATURE describes oper- 
ation data, tests, styles, etc. Write for your copy today! 


N »)\\\ 
SSN 


ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 
Saint Louis 14, Missouri 
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| tions, the power supply components 
| can be used without the chassis, as 
shown for the IBM machine in the 
| frontispiece. 
Variable Voltage Supplies. For 
laboratory applications requiring 
adjustable voltage, the basic supply 
can be modified by the addition of a 
small variable autotransformer and a 
conventional double-wound _ trans- 
former, connected in a “buck-boost” 
arrangement, between the cvt output 
and the rectifier input. A series of 
such supplies has been developed 
commercially ranging from 5-35 volts 
d-c at 7.0 amp to 250-400 volts d-c 
at 0.6-0.75 amp. These units provide 
constant d-c output voltage for +10 
per cent input with a full-load ripple 
voltage of 0.10 per cent. Figure 17 
shows the load regulation character- 
istic: Fig. 18 some typical supplies. 
Extreme Conditions. Both the 
fixed and variable supplies can be 
operated in parallel to increase watt- 
age, or with primaries in parallel and 
secondaries in series to increase the 
output voltage. By energizing the 
entire power supply through a sepa- 
rate cvt, variation of output voltage 
can be reduced to 0.25 per cent for 
a 20 per cent input variation. For 
severe transients, additional capaci- 
tance can be added across the d-c out- 
put to such a point that the supply is 
almost equivalent to a storage battery 
paralleling the load. For unusually 
exacting applications (e.g., an analog 
computer) series regulator tubes can 
be added between the power supply 


output and the load. OO 


LD 


1 8 Variable supplies, including output 

voltmeters and ammeters, are pack- 
aged in enclosed chassis measuring 19 x 
12 x 7 in. suitable for rack mounting or 
“nesting.” 
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TEST VOLTAGE 


oa as ES) 


~ 
AWG SIZES 


"A girl has to think about Magnet Wire 


and specifications and things....” 


e 


*,..1 mean, really! Maybe you think that’s 
too deep for an average housewife like me. But 
let me ask you, who’s got the most to lose if 
magnet wire doesn’t have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn’t 
up there? Who but us, with all our appliances? 

“T just wish we housewives could pick the 
magnet wire that goes into the motors and coils 


of every one of these things. I mean, really! 
Because I'd pick Roebling Magnet Wire. It’s 
always way higher than the NEMA Specifications. 
And if you think that’s not important to a girl...!” 
Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, N. J. 


ROEBLING ¢}) 


) 
Branch Offices in Principal Cities ™. 
Subsidiary of The Colorado Fuel and Iron Corporation 








Dielectric Properties of Reinforced 
Plastics at Elevated Temperatures 


(Continued from page 78) 





Resins,” J. Philipson, Society of Plastics Engineers, Ist 
Regional Technical Conference Reprints (Epoxy Resin Sym- 
posium), 1956. 

14. “‘High Temperature Durability of Laminates,” G. E. Power, 
Modern Plastics, April 1955. 

15. “Effect of Time, Temperature, and Environment on the Me- 
chanical Properties of Polyester Glass Laminates,” B. B. 
Pusey and R. H. Carey, Modern Plastics, March 1955. 

16. “High Temperature Properties of Plastics and Plastic Glass 
Laminates,” G. R. Remely, R. W. MacDonald, and J. VanEcho, 
Battelle Memorial Institute, Reports 1-29, March 1955. 

17. “Asbestos Reinforcements for Plastic Laminates,” D. V. Rosate, 
12th Annual National Technical SPE Conference Reprints, 
Vol. I, January 1956. 

18. “Recent Advances in the Technology of High Temperature 
Systems,” S. G. Salzinger, 13th Annual National Technical SPE 
Conference Reprints, Vol. II, January 1957. 

19. “Heat Resistance of Laminated Plastics,’ L. E. Sieffert and 
E. M. Schoenborn, Ind. Eng. Chem., 42, pp 496-502, 1950. 

20. “Elevated Temperature Properties of Glass-Fabric Base Plas- 
tic Laminates,” J. F. Simmons and H. C. Cross, Air Force 
Technical Report 6172, 1951. 

21. “High Temperature Creep Rupture Properties of Glass Fabric 
Base Plastic Laminates,” J. VanEcho, G. E. Remely and J. F. 
Simmons, WADC TR 53-491, 1953. 

22. “Short Time Elevated Temperature Tensile and Compression 
Properties of Glass-Fabric Plastic Laminates,” J. VanEcho, 
G. E. Remely and J. F. Simmons, WADC TR 56-231, 1956. 

23. “Investigation of Heat Resistant Polyester Laminated Plas- 

tics,” N. E. Wohl and H. M. Preston, WADC TR 55-342, 1956. 

24. “Flexural Tests of Structural Plastics at Elevated Tempera- 
tures,” J. E. Wier and D. C. Pens, WADC TR 53-307, 1953. 

Electrical Properties 

25. “Electrical Characteristics of Radome Materials at 8.5 kmc/s,” 
R. H. Forbes and B. Noe, WADC TR 54-273, 1954. 

26. “Silicones for Electronic Systems.” K. R. Hoffman, Society 
of Plastics Engineers, 2nd Regional Technical Conference 
Reprints (Plastics for Airborne Electronics) , 1957. 

7. Laboratory for Insulation Research, Massachusetts Institute of 
Technology, Tables of Dielectrics, Vols. I, I, III, IV and V, 
1951-7. 

28. “Dielectric and Mechanical Properties of Potential Antenna 
Window Materials for Elevated Temperature Service,” M. N. 
Mitchell, M. A. Nadler and I. Katz, Society of Plastics En- 
gineers, 2nd Regional Technical Conference Reprints (Plastics 
for Electronics), 1957. 

29. “Material Problems in Airborne Radomes Designed for High 
Speeds,” R. A. Spurr and C. D. Robertson, Proc eedings of the 
OSU-W ADC Radome Symposium, WADC TR 56-393 (Volume 
1), pp 141-50, 1956. 

30. “Evaluation ef Low Dielectric Glass Fabrics,” F. Warren and 
B. G. Heebink, WADC TR 56-264, 1956. 

Thermal Properties 

31. “Measurements of the Thermal Properties of Various Aircraft 
Structural Materials,” P. C. Covington and S. Oglesby, Jr., 
WADC TR 57-10, 1957. 

32. “Investigation of Thermal Properties of Plastic Laminates,” 
F. R. O’Brien and S. Oglesby, Jr.. WADC TR 54-306, Parts 
1 and Il, 1955 

W eathering 

33. “Weathering of Glass Fabric Base Plastic Laminates,” F. 
Warren and B. G. Heebink, WADC TR 55-319, 1956. 

Miscellaneous 

34. “Handbook of Asbestos Textiles,” Asbestos Textile Institute, 
1953. 

35. “Heat Resistant Epoxy Resin Systems,” J. E. Carey and F. C. 
Hopper, 14th Annual National Technical SPE Conference Re- 
prints, Volume IV, 1958. 

36. M. A. Nadler and R. E. Medick, U.S. Patent 2,713,378 (to 


North American Aviation, Inc.), 1957. 


Checklist of Military Specifications 
Resins 

MIL-R-7575 ~=Resin, Low Pressure Lamin- 
ating 

Resin, Phenolic, Low Pressure 8 September 1954 
Laminating 


April 1953 
MIL-R-9299 
MIL-R-9300 Resin, Epoxy, Low Pressure 14 December 1955 
Laminating 
MIL-R-25042 Resin, Polyester, High Tem- 5 May 1955 
perature Resistant Low Pres 
sure Laminating 
MIL-R-25506 Resin, Silicone, Low Pres- 6 February 1957 


sure Laminating 


Laminates 

MIL-P-8013 Plastic Materials, Low Pres 
sure Laminated, Glass Fiber 
Base, Polyester Resin 

MIL-P-8059 Plastic Material, Laminated, 20 August 1952 
Phermosetting: Sheets & 
Tubes, Asbestos Base, Phenol 
ic Resin 

MIL-P-25395 Plastic Materials, Heat Re 
sistant, Low Pressure Lamin 
ated, Glass Fiber Base, Poly 
ester Resin 

MIL-P-25421 Plastic Materials, Glass Fiber 16 October 1957 
Base. Low Pressure Epoxide 
Resin Laminated 

MIL-P-25515 Plastic Materials, Glass Fiber 21 February 1958 
Base, Phenolic Resin, Low 
Pressure Laminated 

MIL-P-25518 Plastic Materials, Low Pres- 
sure Laminated, Glass Fiber 
Base, Silicone Resin 

MIL-P-25770 Plastic Materials, Asbestos Proposes 
Base-Phenolic Resin, Low 
Pressure Laminates 


15 July 1957 


4 October 1957 


Propose: 


Backlash in Servo Systems 
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linear function encloses the describing function between 
B/M 1.65 and 0.4 so the system is “unstable” for 
these amplitudes. Any of the resulting “unstable” oscilla- 
tions, however, increase in amplitude until they reach 
B/M = 04 and a frequency of w7 0.8 radians per 
sec where the system is neutrally stable. At this point the 
oscillation can neither increase nor decrease but can 
only maintain the indicated limit cycle. Whenever the 
describing function is enclosed. a limit cycle can be 
maintained at the intersection having the largest ampli- 
tude. 

Having predicted a limit cycle by neglecting higher 
harmonics, it is now highly advisable to check the val- 
idity of this basic assumption. Inspection of the fre- 
quency response indicates that all higher harmonics of 
0.8 radians per sec are attenuated by the filtering action 
of the linear system. The low harmonic content of back- 
lash plus this filtering action makes the higher harmonics 
negligible as assumed. 

Compensation of Backlash Limit Cycles. If the 
linear locus of Fig. 8 were properly shaped by the addi- 
tion of compensating networks or rate feedback, the limit 
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of trouble-free service from 100 
ni O7-Wlon ico mAlel lore) al 
Pennsylvania Station, N. Y. 





This is what James L. Lahey, General Man- 
ager of Dage Television Division of Thomp- 
son Products, Inc. says about the perform- 
ance of RCA-6198 Vidicons: 


“ ..all the RCA-6198 vidicon tubes per- 
formed satisfactorily in excess of 10,000 
hours and, although a few have been 
replaced in the last few weeks, it ap- 
pears that 80° will pass the 15,000 hour 
mark.” 


HE REMARKABLE 100-camera system 
placed in operation by Dage in Febru- 
ary 1957 is substantially increasing the 
efficiency of ticket sales and reservations 
at New York’s famed Pennsylvania Rail- 


—~ © Electron Tube Division 





road Station. And noteworthy is this fact: 
Every camera in this sysiem is equipped 
with an RCA-6198 Vidicon. 

RCA anticipated the need for reliable 
high-quality TV-camera tubes in industrial 
and military TV applications, and is pro- 
viding equipment designers with quality- 
built industrial-type Vidicons for a variety 
of applications. 

If your TV-system designs call for 
camera-tube reliability backed by both de- 
sign and field experience, then by all means 
look into the advantages of RCA Vidicons. 
Your RCA Field Representative will be 
glad to discuss the use of RCA Vidicons in 
your applications. 








Industrial Products Sales 
744 Broad St., Newark 2, N. J. 
HUmboldt 5-3900 


Suite 1154, Merchandise Mart Plaza 
Chicago 54, lil. 
Whitehall 4-2900 


6355 E. Washington Bivd. 
Los Angeles 22, Calif. 
RAymond 3-8361 


Government Sales 
415 S. Fifth St., Harrison, N. J. 
HUmboldt 5-3900 


224 N. Wilkinson St., Dayton, Ohio 
BAIdwin 6-2300 
1625 “K” St., N. W., 


Washington 6, D.C. 
District 7-1260 


RADIO CORPORATION OF AMERICA 


Harrison, N. J. 


cycle could be eliminated. Another possibility for avoid- 
ing the enclosure would be to drop the linear plot by 
reducing the gain. 

The most effective compensation for backlash limit 
cycles is that which reduces the phase lag without in- 
creasing the amplitude ratio. Adding rate feedback to 
the position feedback gives a (1 + jw7'z) in the numer- 
ator of KG (jw). If 1/T,p is somewhat greater than the 
limit cycle frequency. the phase lead is effective in the 
desired region, but not the increase in amplitude. Figure 
9 shows how the addition of (1 + j 0.507’) to the system 
of Fig. 8 moves the linear locus away from the describing 
function. A passive lead-lag network with a transfer 
function of (1 + jw7’,) /(1 + joT.), where T,>T.. can be 
used to obtain the same effect; but since the phase lead 
and the amplitude increase are both smaller than in the 
previous case, 1/7, should be made about equal to the 
limit cycle frequency. For the system shown in Fig. 8, a 
network with a transfer function of (1 +jo7)/(1 + 
j 0.AwT) eliminates the limit cycle, as can be seen from 
Fig. 9. 

As a general rule, compensation in which a lag term 
is dominant will not eliminate a limit cycle. The desired 
effect of lag is the amplitude reduction, but the ac- 
companying phase lag has an undesirable effect at fre- 
quencies where the amplitude response is flat. In a non- 
integrating system, lag-lead compensation [| (1 joT,) 
(1 + jw T,). where T,>T7,] might be added at fre- 
quencies appreciably below any limit cycle so the 
added phase shift would be small but the amplitude 
would be reduced in the problem area. If the system 
contains an integration, a lag-lead network could be 
used to shift the limit cycle to lower frequencies 
and amplitudes. Caution must be exercised, however, 
since the amplitude reduced is at the input to the back- 
lash and the lower frequency might actually result in a 
larger limit cycle elsewhere in the frequency-sensitive 
control system. 

In order to discuss the effects of gain changes, Eq (2) 
is rewritten as: 


1 


re Ce 
(jw) KX DF 


Elimination of limit cycles can usually be achieved by 
reducing the gain. This “lifts” the curve of —1/K DF 
straight up without any phase shift changes. Figure 10 
shows how the system of the example can be stabilized 
by changing the gain from 1.5 to 0.9, thereby moving 
the nonlinear locus away from the linear locus. 

If the system gain element occurs directly before the 
backlash, it can be seen that there is no need to reduce 
the gain to 0.9 at all amplitudes. The previous results 
indicated that the system was stable for M>B/0.4, so it 
should be possible to avoid the limit cycle by only re- 
ducing the gain for M<B/0.4. Although it is not rigor- 
ous mathematically, an easy way to picture the result 
of a gain reduction at low amplitudes is to shift from 
the low gain curve to the high gain curve, as indicated 
by the dashed line in Fig. 10. The gain characteristic 
might be as shown in the insert of the figure where only 
the low gain is effective at small amplitudes and the 
high gain gives a fast response at high amplitudes. 

The principal consideration emphasized in the exam- 
ples was the elimination of the limit cycle. No attempt 
was made to obtain data on the low-amplitude transient 
response, since this information cannot be obtained ac- 
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curately from the describing function: it is an amplitude- 
sensitive method for a nonlinear system and super- 
position of signals is not valid. However, the greater 
the gain and phase margins between the two curves, the 
better the low-amplitude response will be. 

A very challenging compensation problem is found 
when the nonlinearity is backlash and the open loop 
transfer function of the linear system contains an un- 
stable root. In this case, elimination of a limit cycle by 
linear compensation or gain changes is impossible. The 
best that can be done is to manipulate the system so that 
the sustained oscillation is as small as possible. 

Although other methods of nonlinear analysis may 
have advantages over the describing function approach 
for intentional nonlinearities such as relays, it is felt 
that small amplitude, unintentional nonlinearities such 
as backlash are best analyzed by describing functions. 
This frequency response approach is a valuable tool 
which should be within the reach of every control system 


Cc) 


design engineer. OO0O°O 


Perforated Storage Media 


(Continued from page 61) 





holes and their location on the punched tapes or cards. 
Each company has established its own dimensions. But 
as the variety of perforated media applications increases, 
as is happening almost daily. the need for some degree of 
standardization is becoming even greater—especially as 
data processing, computing, communication and automa- 
tion systems are being increasingly tied together. For 
example, communication circuits are being used to send 
the information stored in tapes or cards to a distant place 
where reproductions are made and the information in the 
tapes or cards are processed in the new location. Thus, 
a computer in Detroit can generate the control tape for 
a numerically controlled profiler in Los Angeles. But at 
present this can seldom be done without converting the 
stored data from one code and format to another at the 
sending end and back again at the receiving end. 

Standards. In order to expedite some degree of 
compatibility between various storage media, the Elec- 
tronic Industries Association, 11 West 42nd St., New 
York City 22, has organized the Subcommittee on Storage 
Media and Language (TR24.4) of the Automation Panel. 
Objectives are to establish proposed standards for 
punched tape, punched cards, magnetic tapes, etc. and 
accessory equipment. 

The first step has been the formulation of a proposed 
standard (see Table II) for the six- to eight-level 
l-in. paper tape commonly used for data processing, 
numerical machine control and communications. Dimen- 
sions and tolerances proposed are summarized on the 
bottom line of Table I. This draft has been approved by 
the subcommittee and submitted to the EIA standards 
committee for final approval. Additional standard pro- 
posals are now being formulated to cover dimensions of 
114 ¢ in. paper tape, level identification for paper tapes, 
physical characteristics of magnetic recording tape (other 
than “home”) and magnetic tape reel dimensions. O OO 
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In your search for performance-improving, cost-cutting 
ideas — consider these ARMCO ELECTRICAL STEELS 


With the pressure on to reduce costs and improve 

product performance, a thorough investigation of the New 
advantages offered by Armco’s Electrical Steels may Steels are 
give you some rewarding ideas. Use this Armco library born at 
to facilitate your search and for design data to fully de- Armco 
velop your proposals. 


ARMCO ORIENTED ELECTRICAL STEELS 


— Oriented iron-silicon alloys that combine high permeability and low 
core loss in the rolling direction with superior lamination factor and 
uniform properties. 40 pages of graphical data supply helpful design 
information, 


ARMCO HOT-ROLLED ELECTRICAL STEELS saarts 


— A complete range of silicon steels, in sheets and coils that offer design ELECTRICAL 
and production advantages for all kinds of electrical equipment. Unique STEELS 
grades such as TRAN-COR® A-6 and DI-MAX® M-15 provide unusual 
combinations of properties. 


ARMCO THIN ELECTRICAL STEELS 


— Thin iron-silicon alloys—7 to 1 mil—have exceptional magnetic proper- 
ties for effective use at frequencies of 400 to 200,000 cycles per 
second. Oriented and non-oriented grades expand their application to 
a wide range of electrical and electronic devices. 


ARMCO NICKEL-IRON MAGNETIC ALLOYS 


— 48% nickel alloys characterized by high permeability at low and mod- 
erate inductions and low coercive force. 48 Orthonik also offers a 
square hysteresis loop. Manual offers hitherto unavailable design data 
on these 14- to %4-mil thick materials. 


Write for a free copy of any of these design manuals that 
can help you use the advantages of Armco 

Electrical Steels in your products. 

Armco Steel Corporation, 2838 Cur- 

tis Street, Middletown, Ohio. 


ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company » Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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UMC Model 575 
induction heating 
generator, with 
variable power output 
control, is capable of 
performing all of the 
above functions and 
more. Power output 
reaches a maximum of 
5.75 KW and the 
variable output control 
permits power output 
variation from zero 

to maximum. One of 
UMC’s best selling units, 
Model 575 may also 
be used with flexible 
leads up to a 
distance of 50 feet. 


May Be Purchased Or Rented 


Includes Most Of The Features Of All UMC Generators 
® Multi-Purpose Main Coil For Quick Changeover 
© Multi-Place Coils May Be Used 
© Shuts Off Automatically When Water Pressure Drops 
Below Required Minimum 
Water Cooling System Operates Only When Unit Is 
Functioning 
Few Moving Parts — Maintenance At A Minimum 
Safety Features Include Safety-Interlocked Doors 





$647.50 
May Be Purchased 
Or Rented 


y ee Model 106 Bench-Type 


Induction Heating Generators 
For Smail Parts and Spot 
Applications 





TERRITORIES Send Us Your Production Problem: We 
EN F invite you fo send us samples or 
MANU- — drawings of work to be performed 
REPRE- where high frequency heat treating 
is indicated. Our staff of éngineers 
will be glad to help. No obligation, 

of course! 


MANY 
STILL 


umc MANUFACTURES INDUCTION HEATING 
GENERATORS FROM 1KW TO 60 KW 








CATALOGUE 


. $. B natratnsttichs 
185 GOFFLE ROAD, HAWTHORNE.N. J. 
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Techniques of Cooling 
Electronic Equipment—lI| 


(Continued from page 95) 





vapor be directed to the outside atmosphere and not be 
released in any space occupied by personnel. 


Indirect Cooling 


In indirect liquid cooling systems the coolant liquid 
does not come in direct contact with the electronic parts. 
The primary cooling mode from the electronic parts to 
the coolant fluid is accomplished by other suitable means 
and the heat is transferred to the coolant. Thus, the 
coolant receives the heat from the heat-producing parts 
indirectly and carries the heat away to the sink. The 
electronic equipment may be internally designed to em- 
phasize any one or combinations of the various methods 
of heat removal. An indirect system may be applied to 
existing electronic equipment in order to improve opera- 
tion. 

The primary cooling modes best suited for heat transfer 
between the heat sources and the coolant in indirect 
cooling systems are metallic conduction and forced con- 
vection. Cold-chassis heat exchangers, in conjunction 
with short metal heat flow paths from the heat sources 
to the coolant, offer the lowest thermal resistances obtain- 
able with present techniques. 

Modular assemblies can be designed for attachment to 
cold chassis. With this method the predominant resistance 
is the contact resistance between the cold plate and the 
assembly. Excellent cooling could be achieved through 
the use of liquid-filled 
mersed in the secondary liquid coolants. Fresh water is 
recommended as the coolant for these systems. However. 
to avoid condensation of moisture on the electronic equip- 


assemblies completely im- 


ment, it is necessary that the coolant temperature be 
maintained ten or more degrees C higher than the dew 
point of the air surrounding the equipment. 


Cooling of Non-Electronic Parts 


The heat flow within and from electrical apparatus is 
generally comparable to that associated with electronic 
parts. Most medium and low-power electrical apparatus 
is designed to be cooled by radiation and free or forced 
Usually the external areas are relatively 
large to provide reasonably low unit heat dissipations. 
Heat transfer by metallic conduction from heat-generat- 
ing apparatus to the supporting structure or sink is 
normally not considered because of some variations in 
the application of these standardized devices. It appears 
that significant improvements in cooling and size reduc- 
tion of certain apparatus could be made through the 
proper use of conductive heat transfer. However, the 
apparatus user or installer must make sure that an 
adequate heat sink is provided and that the contact 
resistance between the heat-generating apparatus and the 
sink is low. This, of course, could lead to some applica- 
tion difficulties due to thermal misunderstandings. But. 
in general, it seems that thermally suitable bedplates. 
chassis or supporting structures are usually present in 
most apparatus installations. 

Transformers for non-electronic applications can be 


convection. 
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0[)-smal Sizes! 
. EATON 
ze} Dyvna-toRQ 


MAGNETIC-FRICTION 
CLUTCHES and BRAKES 


Now Available in a Full Line 
from 134” to 15” Diameter 


Eaton Dyna-torQ Magnetic- Friction Clutches 
and Brakes provide a simple, accurate, responsive 
method of controlling power and motion in 
today’s complex production and processing ma- 
chines. 


The new smaller sizes and new design types of 
Dyna-torQ Stationary-Field Clutches and Brakes 
enable Eaton to offer a well rounded line, includ- 
STATIONARY-#IELD, ing flange-mounted and bearing-mounted clutches, 
BEARING-MOUNTED and replaceabie-face brakes. Unique features of 
DYNA-TORQ CLUTCH design and construction result in worthwhile 
maintenance cost savings. Dyna-torQ units, easily 


Dyna-tor@ Magnetic-Friction and quickly installed on new machines or existing 
Equipment Offers these plant equipment, deliver many highly desirable 


Important Advantages: advantages. 


Accurate power control 


Send for this new illustrated 
bulletin giving complete descrip- 
tion and specifications covering 
Dyna-torQ Stationary-Field 
Easy “built-in” installation Clutches and Replaceable-Face 
Brakes. 


Dependable motion control 


Rapid response 


Low maintenance costs _ 
Compact plug-in type controls—may be 
remotely mounted 
Inter-changeability of parts 
Dyna-torQ Equipment is Available through Dynamatic Distributors in all Leading Cities 


DYNAMATIC DIVISION— 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE + KENOSHA, WISCONSIN 
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PORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 


Circle 275 on page 17 











MAGNETIC 
AMPLIFIER 
RELAYS 


SENSITIVITY 
40 MICROWATTS 


D-YU 
ELECTRONICS LAB., Inc. 
Formerly ADVANCE 

249 Terhune Ave., Passaic, N.J. 


GRegory 2-5622 


TYPE RL-101 


Contacts DPDT at 
15 amperes; sensi- 
tivity 140 micro- 
watts; excitation 25 
volts at 60 cps. 


TYPE RL-102 


Contacts DPDT at 2 
omperes; excito- 
tien 6 volts at 
60 cps; sensitivity 
40 microwatts; vi- 
bration up to 55 
cps at 10g. 


TYPE RL-103 


Contacts DPDT at 2 
amperes; excitation 
26 volts at 400 cps; 
sensitivity 80 mi- 
crowatts; vibration 
vp te 500 cps at 
10g; _— dimensions 
1-17/64" x 1-17/64" 


“x 1-15/16". 
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cooled in the same manner as are those used in electronic 
equipment. Similar techniques may be used for solenoids 
and motors, except for the moving parts. Rotors and 
similar parts can best be cooled by forced convection 
and radiation to the surrounding surfaces. Some thermal 
gains can be achieved by minimizing the air gap between 
the rotating and the adjacent cooler surfaces to enhance 
gaseous conduction. In a typical instance, the tempera- 
ture rise through air at sea-level pressure between a 
surface 80 C above ambient and rotating at 3600 rpm 
is about 40 C for the first 34,4 of an in. of the gap with 
a temperature gradient of approximately 13 C per 4g in. 
At distances ranging from 34, to 2 in., the gradient drops 
to 0.4 C per ¢@ in. 

It is desirable to expose coils to air as much as pos- 
sible. Alternatively, heat conductors can be embedded in 
the coil windings and thermally grounded external to the 
coil. Special gases, such as hydrogen, are frequently 
used for cooling high-powered machines. Bearings are 
a special problem and it appears that they can best be 
cooled by forced oil cooling or by metallic conduction 
from their fixed inner surfaces through the supporting 
structure and frame to the sink. 

The thermal performance of most electrical apparatus 
can be improved by the user by firmly mounting these 
devices on.metal heat sinks and providing an adequate 
supply of cool air. Some users are particularly lax in 
regard to the latter. Similarly to electronic equipment, 
the life and temperature of any machine are directly 
related, and appreciable gains in equipment life can be 
achieved with proper cooling. O00 
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Slide Rule Mathematics Reprint Available 


Due to the great interest in the two-part article 
on “Slide Rule Mathematics” appearing in our 
March and April issues, ELEctRICAL MANUFACTUR- 
inc has reprinted the articles under one cover, with 
tear-out practice rules included. Available in two- 
color format for $1. Send remittance with order to: 


ELECTRICAL MANUFACTURING 
Attention: Reader Inquiry Service 
1250 Sixth Avenue 

New York 20, New York 











ELECTRICAL MANUFACTURING 





73 YEARS OF 
HEADING 
EXPERIENCE... 


SINTERED SILVER 
CADMIUM OXIDE 
WIRE 


THOMSON 
“710” 


CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's -° 
special equipment and techniques. Yet, they 
give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide throughout 
the silver matrix. 


2. Uniform Electrical Conductivity for all parts and all 
batches. 


3. Uniform Ductility hich provides reproducible 
staking and double heading. 


Complete Data and Test Sampies are available on request. 


Electrical Contacts Division 


supson t. 1[n}(O)())] SO)|N] mes. co., wautnam sa, mass. 


Since 1885 
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ADHESIVES 


Durez Plastics Div. Hooker Chemical 
Corp., 1312 Walck Rd., N. Tonawanda, 


N. 

Houghton Laboratories. Inc.. Olean. N. Y 
esese Lape Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. Ill 
Minnesota Mining & Mfg. Co.. Electrical 
Products Dis., 900 Fauquier Ave., 

Paul 6. Minn. 


ALUMINUM. See also Castings 
Aluminum Co. of “ames Alcoa Bidg.. 
Pittsburgh 19, 
American Brass Co., 
Cochran Foil Corp.. 
Reynolds Metals Co.. 
Louisville 1, Ky 


“Ww aterbury 20. Conn 
Louisville 10, Ky 
P.O. Box 1800-ED 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N 1878 


Inc... ave 
Verdugo, 


Main 


Inc., 40 E Burbank, 


Magnetic 5 ag 632 Tinton Ave 
New York 5: 
Nethelfer 
Box 455, 
Banborn Co.. 
Mass. 
Servospeed Co.. 
4 Godwin 


Inc 
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Dept. EM-12, Trenton 3, 
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of Electro- Devices. 
Paterson 
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1863 
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Ave., 


Ine. 
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Vickers Biectric Div, ee Inc... 
Locust. St. Louis 
Westinghouse arires Corp... Gateway Cen- 
ter, Bldg 3, 401 Liberty Ave., 
Pittsburgh 30, “Ps 

Weston Electrical Instrument Corp., ib. 
of Daystrom ne.. 614 Frelinghuysen 
Ave.. Newark N. J 


ANODES. PLATING 
American Brass Co., Waterbury 20. Conn 
rass & Copper Co.. Su 
Industries. nc.. American 

Platinum & Silver < . 231 N. J. Rail- 
toad Ave., _ Newark 5. J. 

General T+ Nic by eas and Certrols 
Corp., 1912 Forest, Attleboro, Mass. 
(Silver, 

Handy & . 82_ Fulton, New York 
38. N. Y¥. . Gold) 

Hussey & € Cc. G.. Pittsburgh 19. Pa 


ASBESTOS SLEEVING. See Sleeving and 
Tape. Asbestos. 


AUTOMATION EQUIPMENT 
Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 
Rochester 83, N. ¥ 


BALANCING MACHINES 

General Electric C o., Apparatus Sales Div., 
Schenectady 5. } 

Westinghouse Electric Corp.. Gateway Cen- 
ter, ldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


General 
Carlson Rd.. 


BALLS. BEARING 


Hoover Rall & Bearing Co.. 
Ann Arbor, Mich. 
SKF Industries, Inc., Philadelphia 32. 


326 E. Hoover. 
Pa. 
BALL SCREWS 


Beaver Precision Products 
Mich 


Inc., Clawson, 


BATTERIES, DRY 


Mallory & Co., Inc., P. R., Indianapolis 
Ind 


Inc., Div. of 
42nd. 


A 
30 E 

Radio Corp. of 
J 


National Seen Co 
i Corp.. 

4 
RCA Electron Tube Div 
America. Harrison, N 


BATTERY ELIMINATORS. 
Supply Units: Rectifiers 


See Power 


BEARINGS, BALL (Miniature) 


Miniature Precision Bearings, 
Precision Park. Keen 

New Departure Div. 
Corp.. Bristol, Conn. 


611 


Motors 


Inc., 


rj General 
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New Hampshire Ball Bearings. Inc.. Peter- 
N 


borough, 
United States Gasket Co., Plastics me. 
{ > Garlock Packing Co.. Camden 


BEARINGS. BALL and ROLLER 
(Radial and Thrust) 

Hoover Ball & Bearing Co., 326 E. Hoover. 
Ann Arbor, Mich 

New Departure Div. 
Corp.. Bristol, Conn 

Nice Ball Bearing Co., 30th & Hunting 
Park Ave.. Philadelphia 40. Pa 

SKF Industries, Inc.. Philadelphia 32. Pa 


of General Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 

Amplex Div., Chrysler Corp... 
Mich 

Rame Cun. 


Detroit 31. 
Oak 
1621 Holland 


Inc., 9540 Tulley Ave.. 


La 
Uv waited States ie gaia Co., 
Saginaw 8. Mic 


BEARINGS and BUSHINGS. 
(Brass, Bronze, Steel, ete.) 


evi Div., Chrysler Corp., Detroit. 
31, Mich 
Bunting Brass and Bronze Co.. Toledo 1 


hio 
Chase Brass & Copper Co.. Sub. of Ken- 
Waterbury 20, 


necott Copper Corp 
Pp. &. 


METAL 


Indianapolis 
. 1621 Holland, 


Conr 

Mallory & Co., Inc., 
6 d 

United States Graphite Co 
Saginaw 8. Mich 


BEARINGS and BUSHINGS. 
NON-METALLIC 

General Electric Co 
catur, 

Nationa) Carbon Co., Inc., A Div. of Union 
ge ide_Corp.. 30 E. 42nd. New York 


National anes Fibre Co.. 
ton 99, 

Radio Cores lin 
Lawn. 

Spaulding Fibre Co., 
=. ow 


Plastics Dept.. De- 


Wilming- 


9540 Tulley Ave., Oak 


Inc.. Tonawanda, 

Westinghouse Electric Corp.. Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


BELLS 

Stromberg-Carison, A Dir. of 
Dynamic Corp., 1a Carison 
Rochester 3. N. 

Wheelock Signals 
Ave., 


General 
Rd., 


Inc., 273 Branchport 
J 


Long Branch, N 


BELT DRIVES. See Drives, 
ee COPPER (Rod, Strip. Tube. 


Belt 


,* Co.. Inc.. P. B.. 


Riverside- Allov Metal Div.. H. 
¢ Inc., Riverside. N. J 


Indianapolis 


K. Porter 


sal ory 
In 


BIMETALS. 
BITS, SCREW 


Screw Keys and 


See Thermostatic Bimetals 


and BOLT. 
Wrenches 


See Socket 


BLADES, FAN 

Torrington Manufacturing Co., Torrington, 
Conn 

BLOCKS, PILLOW 

New Departure Div. of 
Bristol, Conn 

SKF Industries, 


General 


Philadelphia 32. 


Motors, 


Inc., Pa 


BLOCKS. TERMINAL. See Strips, 
and Boards, Terminal 


Blocks 


BLOWERS. 
BOLTS. 


See Fans and Blowers 
See Fasteners 


BOXES, METAL. See Sheet Metal Fabri- 
cators 


BRAKES, MAGNETIC 
Dings Brakes. Inc., 47138 W. Electric Ave.. 


Milwaukee 46, Wis. 
Cutier-Hammer, Inc., 1264 St. Paul Ave., 


Milwaukee 1, 


Eaton Mfg. Co., Dynamatic Div.. 3307 
Fourteenth Ave Kenosha. Wis 
El ectric cue.. 20 N. Broadway. 
Brake & Clutch Co.. 
Dept EM Beloit. Wis 
BRASS, BRONZE and COPPER (Ali 
Commercial Forms). For Wire, see Wire 
and Cable, Bare 
American Brass Co., Waterbury 20, Conn. 
Also Tobin Bronze, Chromium Cooper 
and Selenium opper Alloys) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20. Conn 
Driver Co., Wilbur B.. oe McCarter 
Highway, Newark 4, N 
Hussey & Co., C. G., Fincsereh 19, 
Phelps Dodge Copper Products Corp., 
Park Ave... New York 22. 
Somers Brass Co 110 Baldwin Ave 
Waterbury. Conn. (Strip) 


BRAZING ALLOYS, SILVER 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
General Plate Dir Metals and Controls 
orp., 1912 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 
2 °N OY 


Mallory & Co., P. R., 
6, Ind 


Pa 
300 


Inc... Indianapolis 


BRONZE. See Brass. 
Phosphor Bronze 


BRUSH CAPS 
Midwest Molding & ave Co., 


ir yurnee 96, 
ate Co., 


Bronze and Copper 


123 Rotary 
Phoenix Electric 3625 W 
Halsted, Chicago 13, I 


BRUSHES: CARBON. GRAPHITE. 
METAL-GRAPHITE 

National Carbon 

Union Carbide Corp., 

York 17, N. Y. 

Speer Carbon Co., 

Stackpole Carbon Co., 

United States Graphite Co., 
Saginaw 8, Mic 

Westinghouse Electric Corp.. Gateway Cen 
ter, Bldg. No. 3. 401 Liberty Ave., Pitts 
burgh 30. Pa 


BRUSH HOLDERS. 
Commutater Brush 


Co., Inc., & Div. of 
30 E. 42nd, New 
St. Marys. Pa 

St. Marys. Pa. 

1621 Holland 


See Holders, 


BUSHINGS 
Bearings. See Rearings and Bushings 
Composition. See Plastics Molders 
Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seals. See Seals and Term 

inals, Hermetic 

Mica. See Mica 

Porcelain. See Ceramics 

Rubber. See Rubber and Rubber Prod 
ucts 

METAL. 


CABINETS, SHEET See Sheet 


Metal Fabricators 
CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. See Fabrics 


Insulaiing 
CAMERAS, INDUSTRIAL 


Beckman & Whitley Inc., 985 
ve., San Carlos 11, Calif. 


San Carlos 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park. Elizabethtown, Pa 

Aerovox Corp., New Bedford, Mass. 

-Bradley Co., 1316 8S. second, Mil- 

waukee 4, Wis. 

Cc re of 
962 Keefe Ave., 

Corp., 


Glohe-Trion Tne... 
Milwaukee 1, Wis. 
hiectroucs Dav., 


Fansteel Metallurgical Corp., North Chi- 
cago, Ill. (Tantalum) 

Film Capacitors, Inc., 3405 Park Ave., 
ew York 56, N. Y¥ 

General Electric Co.. 
Schenectady 5, N 

ITT Components Div., International Tele- 
phone and Telegraph Corp., P.O. Box 
412, Clifton, N. J. (Tantalum) 


Erie , ¥-2- 
>a 


Apparatus Sales Div., 


Radio Manufacturing Co 
ghiin Ave., P.O. Box i278, 
Calif 

fohnson Co., FE. F., 


2331 
8S. W.. Waseca, Minn 
Mallory | & Co., ine.. P. &.. 


n 
Mmite Manufacturing Co 
Skokie, Ill. (Tantalum) 
‘angamo Elertric o.. Zlectronic 
nents Dir. Springfield 
‘prague Electric Co., 307 Marshall. 
Adams. Mass. 
Stackpole Carbon Co., St. Marys, Pa. 
Texas Instruments Incorporated, 6000 Lem 
mon Ave.. Dallas 9, Texas 


GRAPHITE: 
Anodes 
Plates, 


970 


Jennings. 
M San 


Jose 8, 
Second Arve., 


Indianapolis 
. 3613 Howard 
Compo 


North 


CARBON and 
Electrodes, 
Piles, 
ete.) 


(Contacts 
es. Bearings. Dises 
Plungers, Rings, Seals 
Electronics Div., Erte 
Keasbey, N. J 
Marys, Pa 

Marys, Pa 


Graphite Co. 1€2) 
Saginaw. Mich 


Erie Resistor Corp., 
Pa 


General Ceramics Corp.. 
Speer Carbon Co., St 
Stackpole Carbon Co., St 
United States 
Holland. 


CASTINGS. ALUMINUM and 
MAGNESIUM. See also Castings. Die 
Aluminum Co Alcoa Bide 
Pittsburgh 19 
Aluminum Permanent Mold Co., 
5 Grand Rapids hile 


CASTINGS. DIE 
Aluminum Co. of America 
Pittsburgh 19. Pa 
Doehler-Jarvis Dir., National 
111 Broadway, New York 6, N 
Gries Reproducer Corp.. 149 ; 
Ave.. New Rochelle. N. Y. (Zinc) 
Hoover Co on Casting Div., 
Canton. Ohi 
— Kipp “Corp.. 
Vis 


10, 
Merkle- Kort 


Chicago 7 
New Jersey 
York 38 


of pnmearien. 


054 Front 


Alvoa Bide 


, tans Co., 


North 


214 Waubesa. Madi 


Ceer Co., 211 N. Morgar 
HW 

Zine Co.. 160 Front. New 
N. Y. (Zine Die Casting Al! 
loye) 


CASTINGS INVESTMENT 
International Nickel Co., Inc.. 67 Wali 


New York 5, N. Y. (Nickel and Nicke! 
Alloys) 


CATHODE RAY TUBES. 
Cathode Ray 


See Tubes 


CEMENT. INSULATING and SEALING 
du Pont de Nemours & Co., (Inc.). E. I 
Plastics Div., Polychemicals Dept., Wil 
e| 
Chemica! 
Tonawanda, 


Hooker 
1312 Walck Rd., N. 


General 
Decatur 
Johns - Manville 


antic Co., Plastics Dept 

Dutch Brand Products 

Ave., Chicago 19. Tl 
112-130 28th, Rrook 


CERAMICS 

Standard & Spevial Electrical 
Porcelain (low-volt) 

Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titanates 
Cement - Ashestns 
Ferrites 
Alumina 


Akron Porcelain Co 
Akron 14. Ohio (AB) 

American Lava Corp., Chattanooga 5, 
(CDEFG) 

Centralab, Dir of 
962M FE. Keefe Ave., 


3000 Corry 


Glohe-Tnton, Ine., 

pit Milwaukee 1, Wis 

Coors Porcelain Co., 642 
Calif 

General Ceramics Corp., 
(BEFI) 

Mycalex Corp. of 
Clifton, N. J 

New Jersey 
and Plum 

J. (AE) 


Ninth, Golden 
Keasbey, N. J 


America, Clifton Blvd 

(Glass Bonded Mica’ 

Porcelain Co., New York Ave 
P.O. Box 908, Trenton 5, 


Rostone ¢ orp... 
yette, Ind 
Square Co., 
Mich. (A) 
Stackpole Carbon Co., St 
Star Porcelain Co., R 

Trenton 9 
Wisconsin Porcelain c 0. 
Praire. Wis. (ABF) 


2405 8. Concord Rd., Lafa 


6060 Rivard, Detroit 11 
Pa. (1) 
Ave 


Marys. 
Muirhead 


) 
122 Lincoln, Sun 


CHAMBERS, TEST 
Blue M Electric Co., 
Blue Island, Til. 
Cincinnati Sub-Zero Products, 
ing Road, Cincinnati 29, Ohio 


138th and Chatham 
3932 Read 


CHARGERS. BATTERY 


Christie Electric Corp., 3410 W. 67th. Los 
Angeles 43, Calif. 


CHOPPERS, ELECTRONIC 

Airpax Products Co., Ft. Lauderdale, Fia 

Oak Mfg. Co., 1260 N. Clybourn Ave 
Chicago 10, III 


CIRCUIT BREAKERS 
Airpax Products Co., Ft 
Allen-Bradley he? 
waukee 4 
Crouse- Hinds Co. 
Cutier- Hammer, 
Milwaukee 1, 


Fla 
Mil 


Lauderdale, 
1316 8, Second, 
Syracuse 1, N. Y. 
Inc., 1264 St, Paul Ave, 
Wis. 


ELECTRICAL MANUFACTURING 











Enjay Butyl is used in General Electric washers and refrigerators because 
it offers economy and outstanding all-round quality performance. 


-ENJAY BUTYL 


helps make more efficient appliances! 


General Electric uses gaskets and hoses 
made of Enjay Butyl in their new 
washers and refrigerators. 

Enjay Buty] parts are highly resist- 
ant to heat...aging... moisture de- 
tergents, bleaches and other chemicals. 
As a result, equipment lasts longer, 
performs better. 


Pioneer in Petrochemicals 


Technicians constantly find new 
ways to use Enjay Butyl in a great 
variety of applications—and at lower 
costs! It will pay you to investigate 
the possibilities of this versatile rubber 
in your product. For full information 
and expert technical assistance, 
write or wire the Enjay Company. 


ENJAY COMPANY, INC., 15 west 51st Street, New York 19, N.Y. 


Akron + Boston « Charlotte + Chicago + Detroit + Los Angeles + New Orleans + Tulsa 


DECEMBER 1958 


Circle 278 on page 17 


BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear « chipping « cracking - 
ozone and corona « chein- 
icals * gases « heat « cold « 
sunlight + moisture. 
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PRECISION 


TEFLON’ 


SCREW 
MACHINED PARTS 


for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from +00 to 3” 
diameter. This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 


When you think of TEFLON 


SPAGHETTI and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from +6 thru +28, 

natural color, in STOCK for IMMEDIATE SHIPMENT. 


Other sizes and NEMA colors available on order. 


Write for Bulletin T-2001. 


HALOGEN 


INSULATOR & SEAL CORP. 
9960 Pacific Avenue Franklin Park, Ill. 
Gladstone 5-9000 


Engineers and manufacturers of products of TEFLON 
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E-T-A Products uo. o Ameri 5 N 
oun a Chicago 50, heed 
eT ra. ectric Co., Appara 3 
Schenectady 5, N. 4 ~— 
Heinemann 
ton 2, N. 
Spencer Dir. 
3612 Forest. 
Square D Co., 
a kee 12 y 
estinghouse Electric C 
ter, Bldg. No. 3. 401 
Pittsburgh 22, Pa. 


99 Plum, Tren- 
Metals & Controls Corp., 
Attleboro, Mass. 

4041 N. Richards, Milwau- 


Electric Co., 
J 


Gateway Cep- 
Liberty Ave., 


CIRCUITS, ETCHED, PRINTED, ETC. 


American Lava Corp., Chattanooga 5, Tenn 

Centralab_ Div of Globe-Union, Inec.. 
962M E. Keefe Ave., Milwaukee 1, Wis. 

Daven Co., 536 W 7% Pieasant Ave 
atte 10, Livingston, i 
ie Resistor Corp., 

ms. ‘ 
yealex fae b- ’ 
Giiften a Clifton Bivd., 

Northern Plastics Corp., Second & Mar- 
eet. La Crosse 5, Wise 

Photocir: uits Corp., Glen Cove, N. 

RCA Electron Tube Div . Radio Corp. of 
America, Harrison, N. 

Sprague Electric Co., 307 
Adams, Mass 

United States Gasket Co 
of The Garlock 
N. J 


Misiones Div., 


Pi America, 


Marshall, North 
Plastics Div 
Packing Co., Camden 1, 


CLAMPS and CLIPS, GR 

ane OUND and 
Burndy 
Conr 

Sherman Manufacturing Co., 
Creek, } 

Thomas & Betts Co., Inc., 28 
Elizabeth 1, N. J 


Corp., Omaton Div., Norwalk, 


H. B., Battle 


Butler, 


CLAMPS and CLIPS, SUPPORT 
Holub Industries, Inc., 445 Elm, 
more, Ill 
Jeckesser Co., 5256 N. Avondale Ave 

Chicago 30, Ill 


Syca 


CLEANING COMPOUNDS, METAL 
Zophar Mills, Inc., 112-130 26th, Brook 
yn N, Y¥ 


32 


CLIPS, SNAP. See Rings, 


| Retainer and 
Snap 


CLOTH, INSULATING. See Fabrics, In 
sulating 
CLOTH TRACING. See 


Cloth 
Film and Paper 


Tracing 


CLUTCHES, ELECTRIC 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
is 
Inc., 4713 W. 
Milwaukee 46, Wis. 
Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis 
Fawick Airflex Div. Fawick Corp., 
Clinton Rd., Cleveland 11, Ohio 
Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis. (Magnetic) 
Vickers Electric Div., Vickers, Inc., 1808 
St. Louis 3, Mo 
& Clutch Co, 
Beloit, Wis. ’ 


Electric 


9919 


Electric, Brake 
Dept. EM, 


COAXIAL CABLE. See Wire and Cable, 
Insulated 


COIL CORES and FORMS 


American Lava Chattanooga 5, 
Tenn 

Cleveland Container Co., 6201 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, 
he Budd Co., Newark 13, 

Cosmo Plastics Co., 3239 W. 
land 9, Ohio 

Ferroxcube Corp, of America, 50 S. 
Bridge, Saugerties, N, Y 

Gries Reproducer Corp., 
Ave., New Rochelle, N 

Mycalex Corp. of America, 
Clifton, 

National 
ton 99, 

Paramount Paper Tube Co., 612 
ette, Fort Wayne 2, Ind. 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn il, 

Stackpole Carbon Co, St 
(Screw-type, Molded Iron) 

United States Gasket Co., Plastics Div. of 
oP cae Packing Co., Camden 1, 


Corp., 
Barberton 
A Sub. of 
Del 


el, 
14th, Cleve- 


140 Beechwood 
Clifton Bivd., 


‘Vulcanized Fibre Co., Wilming- 
de 


Lafay 
Oak 


Marys, Pa 


COILS and WINDINGS 

Acme Wire Co., 1255 Dixwel] Ave., 
Haven 14, Conn 

Anderson Controls, Ine., 
Franklin Park, 

Caledonia E eaves & Transformer Corp.. 
Dept. EM-9, Caledonia, N. 

Comar Electric Co., 3349 W. 
Chicago 18, l 

Cow-Coil Co., Inc., 
Providence 5, R 

Cutler-Hammer, Inc 
Milwaukee vis. 

a Electric’ Co., 


New 


9959 Pacific Ave., 


Addison, 
63 Pavilion Ave., 
I 
, 1264 St. 
93 Main 
1300 First, 
Dormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, IIL 
General Electric Co., 
Div., Schenectady 5 


Gries “Reproducer Corp., 
Ave., New Rochelle, N. 


Paul Ave., 
Winsted, 


Deluxe Coils, Inc., Wabash, 


nd 


Apparatus Sales 
N. Y¥ 


“149 Beechwood 
, a 


Nothelfer Winding Laboratories, P. © 
Box 455, Dept. EM-12, Trenton 3, N. J, 

RCA Electron Tube Div., Kadio Corp. of 
America, Harrison, N 

Standard Electrical Products Co., E. 
Third, Dayton 3, Ohio 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc., 
Conn 

Fort Wayne Tool, Die & Engineering Co., 
1925 Goshen Rd Fort Wayne, Ind 

Seifert Inc E. R., 202-204 8S. Beech, 
Syracuse 10, N 

Stevens ree Co., Ine., 
6022 N. Rogers Ave., 

Universal Winding Co., 
Providence 1, R I 


Danbury, 


George, 
Chicago 30, 
P. O. Box 1605, 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 

Electro Tec Corp., South Hackemsack, 
4855 W 
123 Rotary 


1759 W 


Kirkwood Commutator Corp., 
130th, Cleveland 11, Ohio 
Midwest Molding & Mfg. Co., 

Dr., Gurnee 96, Ill 
Nippert Electric Pre “ Co., 
Mound, Columbus 23, Ohie 
Toledo Commutator C South 
Owosso, Mich 
Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 22, Pa 


Chestnut, 


Gateway Cen- 
Liberty Ave.. 


COMMUTATOR SAWS and SLOTTERS 
Holub 445 Elim, Syca- 


Industries, Ine., 
more ll 
COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y. 


84717 Bt. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. See Varnishes. 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


Ate Products Co., Fort Lauderdale 
Erie Resis- 


6000 


Erie “Electro Mechanical Div., 
tor Corp., Erie Pa 

Texas Instruments 
Lemmon Ave.. Dallas 9. 


Incorporated. 
Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 
Buchanan Electrical Products 
Route 22. Hillside. N 
Crouse-Hinds Co., Syracuse 1, 


Corp.. 225 
Bu. ZF 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 8 54th 
A Chicago 50, 


CONNECTORS, WIRE and CABLE 
AMP Incorporated, 5284 Eisenhower Bivd.. 
Harrisburg. Pa. 
American Brass Co 
Amphenol Electronics Corp.. 
Ave.. Chicago 54, 
Buchanan Electrical 
22. Hillside, N 
Burndy Corp., 
Conn 
Cannon 
Humboldt, 
Crouse-Hinds Co., 
General Electric Co., 
terials Div., Bridgeport 2. 
Holub Industries, Inc., 445 

more 
Hubbell. Inc.. Harvey, 
Johns-Manville, Dutch 
7800 Woodlawn Ave. 
Johnson Co., E. F. — 
w Vaseca, Min 
Kreeser "& Hudepohl, ‘To4s Evans, 
cinnati 4. Ohio 
icrodot, Inc., 


Waterbury 20, Conn. 
1830 S. 54th 


225 Route 
Div., Norwalk. 
8209 


Products. 
Omaton 


Electric Co.. Dept. 500. 
Los Angeles 31, if. 
Syracuse 1, N 
Construction Ma- 
Conn. 
Elm, Syca- 


Bridgeport 2. Conn. 
Brand Products, 
Chicago 19, Til. 
Second Ave.. 


Cina- 


220 Pasadena Ave., So. 
Pasadena, Cali 

Sherman Manufacturing Co.. H. B., 
Battle Creek, Mich 

Switchcraft, Inc., 5539 N. 
Chicago 30, Til 

Thomas & Betts Co., Inc., 
Elizabeth 1. N. J. 


Elston Ave., 


28 Butler, 


CONTACTORS, MAGNETIC. 
and Contactors 


See Relays 


CONTACTS and CONTACT POINTS 
ss Co.. C. 8.. 318 Washington, Mt. 


8111 Monti- 


Baker Contact 
East Newark, 


North Chi- 


Deringer "Me‘allurgtcal Core.. 
cello Ave. ll 
Engelhard | 
Div., 207 G _ Ave., 
Harrison O., 
Fanstee] Bi ee 


General Plate Div., Metals and ares 
Corp., 1910 Forest, Attleboro, 

Gibson Electric Co., Old Wm. ean Tigh- 
way, Delmont, Pa. 

Mallory & Co., Inc., Pp. 2... 


Corp., 


Indianapolis 


Marys, 


.» ind, 
“Mtackpole Carhon Co.. St 
420 Market, 


Pa. 
Ulanet Co., George, Newark, 
N. J 


CONTACTS, CARBON. See 
Graphite. 


Carbon and 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS ¢ SPECIAL ASSEMBLIES 


ENGINEERING NEWS 


A NON-SNAP SWITCH 
FOR “KEYBOARDS” 


Developed specifically for the key- 
boards of electronic computers, cal- 
culators, and other business ma- 
chines, the Hetherington B5023 
gives the smooth, yet precise action 
necessary for fast manipulation. 
Operating pressure is a scant % 
pound — just enough to re tain the 
familiar keyboard “‘feel.’ 

The versatile 2-circuit, momen- 
tary-contact circuitry of the B5023 
can also be used as SPST or SPDT. 
Recent tests have shown a life of 
better than 1.7 million operations at 
5 amps., 30 volts dc. This is far 
greater than the conservative rating 
you'll find in Bulletin S-6 if you 
write for it. 

Circle 255 on page 17 





THUMB-OPERATED 
“TOGGLE” 
CONTROLS 4 SEPARATE 
ch 
NNSA 


SWITCHES ~~ 


A familiar sight to helicopter 
pilots is this versatile Hethering- 
ton Type F441 Four-Way Switch. 
Here it is housed, along with other 
Hetherington Switches, in a hand- 
grip which fastens to the flight 
control stick. Moving the Switch’s 
thumb-type knob up or down, 
right or left, operates control 
motors for hoists or lateral trim. 


Housed in the 1-1/64” by 7/8” 
phenolic case of the F441 are 4 
separate momentary-contact 
switches arranged 90 degrees 
apart around the base of a thumb- 
controlled toggle lever. Normally, 
all switches are “open” and the 
toggle is centered. 


Usually the switch is mounted 
so that the lever projects through 


a cloverleaf gate that restricts op- 
eration to one switch at a time. 
Without the gate however, any 
two adjacent switches may be 
closed simultaneously. The tog- 
gle may also be held outward and 
moved in an arc to actuate all 4 
switches in succession. 


Admittedly, the F441 Switch is 
rather specialized. However, it 
offers industrial users interesting 
opportunities to simplify equip- 
ment design and operation — by 
saving space, by “foolproofing”’ 
critical circuits, or by making 
operations easier to understand. 


No bulletin is available on this 
switch as yet, but ratings and a 
dimension drawing will be sent 
on request. Ask about the F441. 


Circle 256 on page 17 





Vli/ 
\ Pa Me) 


New SWITCHLITES® 


for “Human-Engineered” Panels 


Wherever switches and indicator 
lights are used on the same panel, 
Hetherington Switchlites can play a 
major part in improving panel legi- 
bility and operating convenience. 
For the pushbuttons of these com- 
pact snap-action switches contain 
their own built-in indicator lights 
for easy, direct association of switch 
and light functions. Moreover, they 
save greatly on panel space, wiring, 
installation and removal time. 


So many different Hetherington 
Switchlites are now available that 


only a few of their many features 
can be mentioned here: 

Switch Circvits: SPST, SPDT, DPST, DPDT, 
or 2-circuit. Up to 15 amps @ 28 v. de. 
Snap-Action: Push, momentary ; Pull, momen- 
tary; Push-Pull, maintained; Push-Push, 
maintained ; Push- Pull, maintained with aux- 
iliary momentary on “‘push.’ 

Lamp Circuit: Case ground or separate gnd. 
terminal. “‘Hot”’ lead to separate terminal, 
thru main sw. contacts, or thru separate 
built-in sw. circuit. 6, 14, 18, 28 volt AN3140- 
type lamps. 

Pushbutton Lenses: 10 styles, each in 10 trans- 
parent or translucent colors. Lettering may 
be engraved on all. 


New Bulletin S-7 gives complete de- 


tails on all Hetherington Switchlites. 
Circle 257 on page 17 


PARTS DISTRIBUTORS 





Now! aT LEADING 


Need Hetherington products 
for prototypes, breadboard 
models, special projects, or 
small production runs? Most 
popular Hetherington items 
are available at local electronic 
parts distributors everywhere. 


For the name of your near- 
est parts distributor and bulle- 
tins of the Hetherington 
Switches, Indicator lights, and 
Switchlites he carries, write 
directly to: DISTRIBU- 
TOR’S DIVISION, 
HETHERINGTON INC., 
26 Rittenhouse Place, 
Ardmore, Pa 








HETHERINGTON INC. DELMAR DRIVE, FOLCROFT, PA. « 139 Illinois St., El Segundo, Calif. 


better switch engineering for pushbutton world 
A CONTROLS COMPANY OF AMERICA SUBSIDIARY 
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NEW AGASTAT’ 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages: 
@ Dial adjustment for ease and accuracy 
@ Five timing ranges, covering an overall range of 
from 0.08 seconds to 15 minutes 


Timed intervals remain the same through re- 
peated readjustments 


Integral wiring diagram and calibration plate 

Measures only 4-9/16 x 2-9/16 x 2-5/8” 

All contacts are flexible contacts 

Contacts are larger for fast heat dissipation 
Write for details and application engineer- 
ing assistance to Dept. A32-1221. 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
Circle 281 on page 17 


20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 
er 

















SPURS @ HELICALS @ 
STRAIGHT BEVELS e 
CLUSTER GEARS 


WORM AND WORM GEARS 
LEAD SCREWS e RATCHETS 
@ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 








1035 PARMELE ST. ROCKFORD, ILLINOIS 
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CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co.. Kenilworth 1. N. J. 


CONTOUR PROJECTORS 


Bausch & Lomb Optical Co., 
Paul. Rochester 2, N. Y. 


84717 St. 


CONTRACT ne eee 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp. ow sterbury 20. Conn. 

Curtis Development & Mfg. . 3266 N. 
33rd. Milwaukee 16, Wis. 

Kirk and Blum Manufacturing Co.. 3122 
Forrer, Cincinnati 9, Qhio. 

Merkle-Korff Gear Co., 211 N. Morgan. 
Chicago 7, Ill. 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 1434 N. Goodman. 
Rochester 21. N. Y. 


CONTROLLERS, MOTOR 


Allen- =e! Co., 1316 8S. Second. Mil- 
waukee 1, Wis 
Arrow- Hart & Hegeman Electric Co., 108 
awthorne, Hartford 6. Conn 
Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N J, 
Clark Controller Co.; 1146 E. 152nd, 
Cleveland 10, Ohio 
Crouse-Hinds Co., egg 1, N. ¥. 
Cutler-Hammer Inc., 1264 St. ‘Paul Ave.. 
Milwaukee 1, Wis. 
ject Products Laboratories Inc., 4501 
N. Ravenswood Ave.. Chicago 40, Ill 
—s. Instrument Corp., 1000 E. Bound- 
y Ave.. York, Pa. 
Furnas Electric Co., “i024 McKee, Batavia, 
General Electric Co... 
iv., Schenectady 5, N 
Hart Manufacturing Co 
Ave., Hartford 1. Conn 
Co., 4041 N 
12, Wis. 
Vickers Electric Div., 
Locust, St. Louis 3, " 
Ward Leonard Electric “Ce. 
Mt. Vernon. N. 


Apparatus Sales 


211 Bartholomew 
Richards. Mi) 
eee Inc.. 1803 
34 South. 


CONTROLLERS, POTENTIOMETER 

Weston Electrical Instrument Corp., A 
ty of Daystrom, Inc.. 4 Frelinghuy- 

e.. Newark 5. N. 

Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, 1. 

CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


sonraess PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats 
Allen-Bradley Co., 
waukee 4. Wis 
Barber- Colman Co., 


1316 8, Second, Mil- 


1808 Rock, Rockford 


Bourns Laboratories, P. ©0. Box 2112 
Riverside, Calif. 
Cutler-Hammer Inc., 
Milwaukee 1, Wis 


G-V Controls, Inc., 
N. 


1264 St. 
8 Hollywood Plaza 


Paul Ave 


F as ahmed Sales 

Hart Manufacturing Co.. tig Bartholomew 
Ave.. Hartford 1. Con 

oy Div., Metals . {Controle Corp.. 

2 Forest, Attleboro, Mas 

oan D Co., 4041 N. Ku ~~ Milwau 
kee 12, W 

Stevens 
Ohio 

Weston 


Manufacturing Co., Mansfield, 
Instrument Corp. 


Electrical A 
614 Frelinghuy- 


sub, of Daystrom Inc.. 
sen Ave.. Newark 5, N 
Wheelco Instruments Div.. Barber-Colman 
Co., 1403 Rock. Rockford, 1) 
White-Rodgers, St. louis 6, Mo 
Wiegand Co., Edwin L. 7530 Thomas 
Bivd., Pittsburgh 8. Pa 
CONTROLS. REMOTE. See whee 
Stations; Relays and Contacto 
Switches. 


CONTROLS, 
nisms. 


COPPER. See Brass. 


Button 


SERVO. See Servomechs- 


Bronze and Copper 


COPPER, BERYLLIUM. See 
Copper. 


CORD and TWINE, ARMATURE and 
COIL 


Beryllium 


Insulation Manufacturers Corp.. 565 W 
Washington Blvd., Chicago 6, Ill 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 pe Ave 
Pittsburgh 22. Pa. 


CORD. INSULATED. See 
Cable, Insulated. 


Varflex Corp., 504 W. Court. 


Wire and 


Rome, N. Y. 


CORD, RESISTANCE LINE. Sce Resist 
ance Line Cords. 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, Ill. 

Circle F Mfg. Co., Trenton 

Cornish Wire Co., Inc. 


46338 W. Van 


4, N. J. 
50 Church, New 


ork 7, N. 
Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb. Tl 
General Electric Co., Construction Mate- 
rials Div.. Bridgeport 2, . 
Phalo Plastics Corp., 530 
Shrewsbury, Mass. 
al Electric one... a wae R. I. 
Westinghouse Electr © Gateway 
Center, Bidg. No. s 401 dberty Ave., 
Pittsburgh 30. Pa. 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products. 


CORES, REFRACTORY. See Ceramics 
CORES, TRANSFORMER 

Acme Electric Corp., 
American Lava 


enn 
Engineering Co., 


Water, Cuba, 


3512 


Corp., Chattanooga 5 
Arnold 
General Ceramics Corp., 
=— Steel Products Co., 


peeeeaee, e 

Valparaiso. 

Magnetic Metals Co., Hayes Ave. at 21st. 
Camden 1, N. J 

Magnetics, Inc., Box 391 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, lil 

Stackpole Carbon Co., St, Marys, Pa 
omas Skinner., Inc. 1114 E. 23rd 
Indianapolis 7, Ind. 

Westinghouse Electric Corp., 
Center, Bidg. No. 3, 401 Raee yer 
Pittsburgh 30, Pa. 


Butler, Pa. 
Oak 


COUNTERS. 
tronic; Rela 

Berkeley ag a Beckman 
ot 2200 Wright Ave., 


a also Instruments, Elec 


Instruments, 
Richmond 8, 
alif 

ae h Manufacturing Co., Inc., Danbury, 
Conn 

Eagle Signal Corp., 202 20th, Moline, - 

Kellogg Switchboard and Supply 

6650 8S. Cicero Ave., Chicago 38, Thi 

Production Instruments, Div. of Genera) 
Controls Co., 8074 McCormick Bivd., 
Skokie, Ill 

Veeder-Root, Inc., Hartford 2, Conn. 


COUPLINGS, CLUTCH. See Clutches 


COUPLINGS, FLEXIBLE 

Eaton Mfg Co..Bynamatic Div., 
Fourteenth Ave., Kenosha, Wis 

lavejoy Fiexible Coupling Co., 
Lake, Chicago 44, Il) 
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Semi- 
Crystal 


CRYSTAL DIODES. See Rectifiers 
conductor ; Transistors and 
Diodes 


CRYSTALS, QUARTZ 


RCA Electron Tube Div., 
of America, Harrison, N 


Radio Corp 
J 


DELAY LINES. See 
nents 


DIAL LIGHT ASSEMBLIES. See Lights 
Pilot and Indicator. 


DIE CASTINGS. See 


Computer Compo 


Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units, 
DIE-SETTING TOOLS 


Wales-Strippit Co., 222 Buell Rd., Akron 
N. ¥ 


DIES, PRECISION, LAMINATION ETC. 
1620 Eddy 
174 


and Die Co., 
12. Ohio 


Products, _Ine., 
w. TS. 


Cleveland Tool 
td.. Cleveland 
Syivania Electric 
Broadway, New York 19, 


DIODES. See Rectifiers 
Transistors and Crystal 


Semiconductor ; 
Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 

Filmsort Co., Vearl Y 

Keuffel & Esser Co., Hoboken, N. J. 

Ozalid, A Div. of General Aniline a 
Film Corp., Johnson City, Y 


River, N, 


DRAFTING REPRODUCTION 
MACHINES 

A Div. of General 
Johnson City 


Ovalid 


Aniline & Film 
Corp., Y 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives, 
1264 St, Paul Ave., 
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Cutler-Hammer Inc., 
Milwaukee, Wis, 

Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus 
Div., Schenectady 5, N, Y. 
Reliance Electric & PFneineering Co., 
Dept. 2712-A, Cleveland 17, Ohio 

mE. | Co., Div. of Kleciro-Devices, 
Inc., 4 Godwin Ave., Paterson, N, J 

Westinghouse Electric Corp., Ga ateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa 


Sales 


DUCTS, WIRING 
Speuidine Fibre Co., Inc., 


(Control! Panel) 
Tonawands 


Tazlor Electric, Inc., 15406 Dale, Detroit 
Mi 


ch 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 


DYNAMOMETERS 


Chatillon & Sons, 
38, N. Y 

Eaton Mfg. Co., 
Fourteenth Ave. 
General Electric ‘Co., 
Div., Schenectady 5. 
Robbins & Myers, Inc., 
Westinghouse Electric 
Center, Bidg. No. 3, 
Pittsburgh 22, Pa. 


John, 85 Cliff, 


New 
Dynamatic Div., 33v 
Kenosha, Wis. 
Apparatus Seles 


Springfield, Ohio 
Corp., Gateway 
401 Liberty Ave., 


ELECTRICAL SHEETS. See Steel, Elec- 


trical. 
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Sanborn Co., Waitham, Mass., 
uses a Waldes Truarc Series 
5555 Grip ring* to secure the 
idler gear assembly of its port- 
able electrocardiogrzph. The 
ring assures faultless gear per- 
formance necessary for diag- 
nostic accuracy, eliminates a 
nut and threading operation 
for savings of $365 per 1000 
units. 


2 standard rings replace 
4 special parts, save $170/M 

Sanymetal Products Co., Inc., Cleveland, 
O., uses a Series 5005 Self-locking ring 
and a Series 5103 Crescent® ring* to 
hold the escutcheon plate and handle of 
this doorlatch for toilet compartments. 
The two standard rings replace four ex- 
pensive chrome-plated brass parts for 
savings of $170 per 1000 units. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 

In Truarc, you get: 

Statistically Controlled Quality from raw materials to the 
finished product. Every step in manufacture watched and 
checked in Waldes’ own modern plant. 

Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes, All types available 


WALDES 


ae 
ae 
RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. 


- ae 


Fraser and Johnston Co., 
San Francisco, Calif., uses 
a Series 5555 Grip ring* to 
secure the fan shaft and 
speed assembly of its fur- 
nace blowers. The ring elim- 
inates a collar and set screw 
for savings of $180/M on 
materials, $80/M on assem- 
bly time—a total of $260 
per 1000 units. 


Ring replaces spring and washer; 
speeds assembly 50%, saves $15/M 


Allen-Bradley Co., Milwau- 
kee, Wisc., uses a Series 
5139 Prong-Lock ring* to 
secure the adjustment knob 
of its pneumatic timer. 
Ring eliminates a costly 
coil spring and washer, 
simplifies a tough assem- 
bly operation. Cost saving: 
$15 per 1000 units. Assem- 
bly time saving: 50% 


quickly from leading OEM distributors in 90 stocking points 
throughout the U.S. and Canada. 


Field Engineering Service: More than 30 engineering 
minded factory representatives and 700 field men are at 
your call. 

Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today .. 
let our Truarc engineers help you solve design, assembly 
and production problems. . . without obligation. 8.2 


Waldes Kohinoor, Inc., Long Island City 1, N. Y. 


Please send me your new 24-page Catalog No. RR 
10-58 with descriptions and illustrations of the com- 
plete line of Truarc retaining rings, pliers and acces 
sory tools and 80 typical applications. 

please print) 


Name 
Title 
Company 


Business Address 


Consult the Yellow Pages of your Telephone Directory for name of 
Local Truarc Factory Representative and Authorized Distributor. 
Look under “Retaining Rings’ or ‘“‘Rings, Retaining.” 


©1958 Waldes Kohinoor, Inc. 


ee 


Tekeensnieustaasamnagecousquh dprio 


*Covered by one or more of the following patents: Nos. 2,382,948; 2,491,306; 2,574,034; 2,755,698. 
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Density: 1.30-1.35 

100% rag stock paper 
No sizing or fillers used 
“Glazed roll” 


Thicknesses from .004 to .030” 


ELECTRICAL 
INSULATING PAPER 


Dielectric strength — 300 volts per mil 
Tensile strength — 13-16,000 Ibs./sq. in 


finish — others available 
Can be combined with other materials 
Available in rolls, sheets or coils 


REPRESENTATIVES 


Atlanto—Brownell Distributors, Inc. 
Atlanto—Electrical Insulation Suppliers 
Boston Area—Brownell Distributors, 
Inc., Cambridge, Mass 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass 
Chicago—Federal Insulation Co 
Cleveland—C. J. Voneman Company 
Dallas—Electrical Supply Corp 
Dallas—Summers Electric Co 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc 
Forth Worth—Electrical Supply Corp. 
Hamilton, Ontario—Buntin, Gillies & 
Co., Ltd. 
Houston—Houston Industrial Supply Co 
Kensas City, Mo.—Ace Electric Co 
Los Angeles—Tri-State Supply Corp. 


Minneapolis—D. A. Schultz Co 
Mobile—Russell Electric Co. 
New York—Brownell Distributors, Inc. 
Newark—Electric Motors & Parts Corp. 
Oklahoma City—Butts Electric 
Supply Co. 

Oklahoma City—John H. Cole Co 
Philadelphia—Electrical Maintenance 

Equipment (Co. 
Pittsburgh—Herbert J. Graham 
Rochester—Allied Electrical 

Insulation, Inc. 
Salt Lake City—J. R. Christensen Agency 
San Francisco—Tri-State Supply Corp. 
Seattle—Tri-State Supply Corp. 
St. Lovis—Dale J. Painter 
Stamford, Conn.—J. A. Jones 
Toronto—Electric Insulation & 

Fibre Co., Ltd. 
Woodbridge, N. J.—Chalker Insulation Co. 


Write for literature and free sample. 


fotlrell PAPER COMPANY, INC. 


88 Purchase St. ¢ Fall River, Mass. 
Circle 284 on page 17 





ELECTRONIC COMPONENTS. See spe- 
cific headings, 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, A in Wires, Stamp- 
Welds, Ete. 


American Lava Sea: Chattanooga 5, 
Tenn. 


ENAMELING SHEETS. See Steel. 
mercial Forms and Grades 


Com - 


ENAMELS. See Lacquers, Enamel 
Paints and Varnishes, Finishing. 

EYELETS and EYELETING MACHINES 

United Shoe Machinery Corp., Boston 1, 
Mass. 


FABRICS, 
Yarns, 


INSULATING, 

Thread, Cord, Ete 
Glass Fiber, Varnished a, Cotton, 
Linen, Silk, Asbestos, ete. See also 
Tape and Sheeting, Synthetic Resin, 
Tubing and Sleeving, Braided Fabric. 

Acme Wire yi a oud Dixwell Ave., New 
Haven 14, Cor 

see Harris “Mtg. Co., Conshohocken, 

Continental- Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass, 

General Electrie Co., Laminated Products 
Dept., Coshocton, Ohie 

Gudebrod Bros. Silk Ce., Inc., 12 8. 12th, 
Philadelphia 7, Pa 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Lil 
Irvington Div., Minnesota Mining & 
Manufecturing Co., 9 Argyle Terrace, 
Irvington N. J. 

Jenne: Manville, Box 14, New York 16, 

pe 3. Manville, Dutch Brand Preducts, 
7800 Woodlawn Ave., Chicage 19, Ill 


Minnesota Mining & Mfg. Ce., Electrical 
"Products Div., 900 Fauquier Ave., St. 


Paul 6, Minn. 
Randolph Ave., Wood- 


Natvar Corp., 207 
y Wood Finishing Co., Elec- 
Insulation Dept., Woodbridge, 


Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric ( . Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


ev Tapes, 


trical 
N, J, 


FANS and BLOWERS 
Air-Marine Motors, Inc., Amityville, N 
Ashland Electric ' Products, 
Queens Bivd., Long Island City : N. 
— Manufacturing Co., Electrical ‘Div 
of The Singer Manufacturing Co., Som 
erville, N. 
Emerson Electric Mfg. Ce., St, Louis 21, 
Globe Industries, Inc., Dayton 4, Ohie 
os Co., 685 Lawrence, Low- 
ell 
alk Blower Co., 2027 Home Ave, Day- 
7, Ohio 
& Myers, Inc., Propeller Div., 


Robbins 
Woodstock, N 


Springfield, Ohio 
Rotron Mfg. €o., Inc., z, 
Torrington Manufacturing Co., Torring- 
ton, Conn. 


FASTENERS (Bolts and Nuts; Leck and 
Snap Assemblies; ins; Pre-assembied 
Washers and rews; ecessed 
Serews; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts ( 

Self -Locking Nuts (C) 

Sheet Metal Leck Spring Assembly Nutr 


(D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Captive Nuts (H) 

Cap Nuts (G) 

Spade Bolts (8S) 

Welding Nuts (Clinch-on) 

Wing Nuts (W) 


™ 


Alsnicem Co. of America, 2241-K Alcoa 
. Pittsburgh 19, Pa. (4) 
"Co., Socket Screw Div., Water- 
bury 20, Conn. (A) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp.. Waterbury 20, Conn. 
(ABCF 

Continental Screw Co.. New Bedford. 

ass. (AB) 

Elastic Stop Nut Corp. of America, Dept. 

agg 1 2330 Vauxhall Rd., Union 
| y 


) 
Manufacturing oe 446 
) 
P., 149 Beechwood 
._Y¥. (GW) 
Box 2225. West- 
” (PF) 
vut hes 5535 N. 
Milford Rivet & Machine Co., Milford 


Conn. 
of United-Carr Fasten 


(BF 
Palnut Co., Sub. 
Corp. 66 Glen Rd., Mountainside, N. 
General 
En 


Special 


( 
Parker-Kalon Div., American 
Transportation Co. tin Rd., Clif- 
Thompson-Bremer & Co., Sub. American 
Machine & 4 Co., 221 N. LaSalle. 
Chicago 1, Til. (C) 
Tinnerman Products, Inc.. P. O. Box 6688. 
Cleveland 1, Ohio (D) 
United-Carr ny Corp, Cambridge 
42, Mass. (ACDE 


Lock and Snap Assemblies. (Voor Panel, 
Shelf Support and Mounting, ete.) 
Broad- 


Simmons ae es aa 1752 N. 


way, Albany 1 
Pins — Cotter (F); and Taper 
(G); Spiral Coil ( 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 28, 
sonn. (F) 

Elastic Stop Nut Corp. of America, Dept 
R37-622, 2330 Vauxhall Rd., Unien, 

N, J. (G) 


Locking 
M) 


Pre-Assembled Washers and Screws 

Continental Screw Co., New Bedford, 

National Co., Reckford, Ill. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 

United-Carr Fastener 
42. Mass. 


Mass. 


“Corp., Cambridge 


Recessed Head Serews 
—, — Socket Screw Div., 


Chase } 4 & Copper Co., Sub. of Kenne- 

cott Copper Corp.. Ww aterbury 20, Conn. 
Continental Screw Co., New Bedford Mass. 
Elco Too! Screw Corp., Rockford. Ill 
Milford Rivet & Machine Co., Milford 


Conn. 
Rockford, IL 


National Lock Co., 
Parker-Kalon Div., General American 
Entin Rd., Clif- 


Transportation Corp., 
2701 Washingten 


ton, N., 
Standard Screw Co., 

Sub American 
520 N. Dear- 


Waterbury 


Bivd., Bellwood, ill 
Thompson - Bremer & Co. 

Machine & Foundry Co., 

born, Chicago 10, Ill, 


Rivets 

Aluminum Co. of America, 
Bidg., Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn. 

Chicago Rivet & Machine Co., 948 8 
25th Ave., Bellwood, Ill, 

Continental Screw Co., 


2241-K Alcoa 


New Bedford, 


Mass. 

Deringer Metallurgical 8111 Mon- 
ticello Ave., S 

Gries Reproducer 
Ave., New Rochelle, N 

Hassall, Inc., John, P.O Box 2 
ury, L. I. N. 

Keystone Bolt & Nut Corp., 127 
New York 7 y 

Milford Rivet 
Conn. 


Corp., 
e 149 Beechweod 
2225, Weat- 
Church, 


"& Machine Co., Milford 


Serews—Cap and Set, Machine (H); Self- 
Tapping (J) 

Allen Manufacturing Co., 
Hartford 5, Cor 

Aluminum _ Co. e ‘America, _3081- K 
Bidg., Pittsburgh 19, 

Bristol Co., Socket Screw Div., 
20, Conn. (H) 

Chase Brass & Copper Co., Sub 
cott Copper Corp., Waterbury 20, 
(HJ) 

Continental Bedford, 
Mass, ( 

—— Inc., 
bu 4 

Hubbeil, Inc., 

Milford Rivet 
Conn. (HJ) 

Moore, Inc., George W. 
tham 54, Mass. (H) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div General American 
Transportation Corp., Entin Rd. Ciif- 

N. J. (HJ) 
& = ae Co., 112 
Bartlett, 


133 Sheldon, 
Alcos 
Waterbury 


of Kenne- 
Conn 
Screw Co., New 
) 

sim, © ee a 2225, West- 


britgepert 2, Conn. 
Milford, 


Wal- 


84 
& Machine Co., 


85 Beaver, 


Washington 
... Bellwood, 1. 
United-Carr Fastener Ger... 
42, Mass. (HJ) 


Cambridge 


Lock and Spring (L) 
306-1 Stack, 


Washers—Fiat (K); 
Auburn Manufacturing Co., 
Middletown, Conn, ‘ 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn, (KL) 
Continental Screw Co. Bedford, 
Mass, (KL) 
Cosmo Plastics Co., 3239 W. 
land 9, Ohio (K) 
Garrett Co., Inc., G 
Ave, at Tolbut, 


New 


14th, Cleve- 

George K., Torresdale 
Philadelphia 36, Pa. 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J. (1) 

Palnut Co.. Sub. of United Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N, J. 


(L) 
waseneeens Bremer & Co., Sub. American 
Machine and Foundry ‘Co... 228 N, La- 
Salle, Chicago 1, Ill. (KL) 
United-Carr Fastener Corp., Cambridge 42, 
Mass. (L) 


FELT 

Western Felt Works, 
Ave., Chicago 23, 

FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 

FIBRE, VULCANIZED. 
Rod, Tubing) 

Continental - Disnens 4 4, pe. of 

dd Co., Newar' el, 

gy Be Corp., 565 W. 
Vashington Bivd., Chicago 6, Til. 

National Vulcanized Fibre Co,; Wilming- 

ton 99 

Tonawanda, 


4021-4139 W. Ogden 
1. 


(Board, Sheet, 


Insulation Manufacturers 


° el. 
Spaulding Fibre Co., Inc., 
~~ = 
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| 
Some Ideas for your file of practical inf 
| 


Now you see it 
ter sharply, 


The K&E ‘Engineered Surtace" 


All K&E paper, cloth and film has one 
extremely individual characteristic. It’s 
what K&E calls its “engineered surface”... 
a unique surface designed and applied by 
K&E, right in its own plant, to every roll 
and sheet of prepared tracing paper, cloth 
and film. It means controlled drafting qual- 
ities far beyond anything the base material 
alone can normally provide, with a surface 
tooth that’s exactly right and uniform. 
Whatever's penciled, inked or typed onto 
jt goes on crisply and sharply . . . shows up 
clearly and stays that way. Furthermore, 
the “engineered surface” lets you erase if 
you want to, easily and quickly and with- 
out any of those leftover ghost lines that 
drive you crazy when they show up in re- 
productions. And remember, only with 
K&E do you get all the advantages of an 
“engineered surface,” no matter which pa- 
per, cloth or film you're interested in. 


About HERCULENE (™ 
The Newest of Films 


Frankly, we think K&E Herculene Draft- 
ing Film is a real discovery. It has all the 
properties of the K&E “engineered surface” 
... exceptional “take,” adhesion and erasa- 
bility... plus the toughness and durability 
of its Mylar® base. What’s the latter? It’s 
a polyester film, developed by DuPont, 
that’s uncommonly strong and virtually 
indestructible . . . waterproof and almost 
immune to the effects of age, heat, ultra- 
viqlet exposure and handling. With our 
K&E “engineered surface” added, it be- 
comes K&E Herculene Draftine Film... 
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now you don't 
erase completely on the K&E 


r------------- 


Ke 


ormation on drafting and reproduction 
from 


L__ —_ —_ — —~—— KEUFFEL & ESSER CoO..- 


ned i. 
# Drafting 
a the tough- 
arable draft- 
um you can use, 


Pencil, ink and typing all regis- 
engineered surface.’ 


the toughest, most durable drafting medi- 
um yet to reach the drafting room. And 
the surface will last indefinitely, without 
flaking off or chipping off. 


Some Points About Paper... 


K&E Albanene® Tracing Paper is the larg- 
est selling tracing paper in the world today. 
Why? Because Albanene is the only pre- 
pared tracing paper which has an “engi- 
neered surface.” All other brands depend 
for their pencil tooth solely on the natural 
surface texture of the paper itself. which 
varies from fine to coarse ... often on the 
same sheet. 


Albanene invariably gives you sharp, clear 
pencil lines, superb reproductions. It has 
a solid transparentizer that is chemically 
stable and can’t leak out, ever. This per- 
manent transparentizing means that you'll 
never get white, opaque spots, even from 
contact with drafting tape. Try the draft- 
ing tape test yourself. 


...and its package 


And now, all Albanene paper in rolls is 
packaged in the new square carton for 
better protection and easier storage. Your 
rolls stay neat and clean while in use, and 
the cartons will do double duty in helping 
you to store finished tracings. In fact, some 
companies are rearranging their filing sys- 
tems by using Albanene cartons, which 
hold large numbers of rolled-up drawings 
and stack simply and neatly. 


Some Facts About Cloth 


When you want cloth, think first of K&E 
Phoenix® Tracing Cloth. Besides the K&E 
“engineered surface” with the superb 
“take”, adhesion and erasability for pencil, 
ink or typing, K&E Phoenix has all the 
advantages of a water-resistant, chemical- 
ly-inert coating that won’t soften even un- 
der high heat and won't discolor, become 
brittle or flake off the base. You can even 
clean both sides with a damp cloth, without 
worrying about moisture stains. 


And Some Tips On Erasing 


All K&E drafting media give you excellent 
erasability, but there’s a right way to erase 
on each one. On cloth and film, harsh, 
gritty erasers can destroy the surface. 
You'll get the best results with plastic 
erasers, such as the Richard Best “Tad” 
and the Eberhard Faber “Race Kleen.” 
Moisten them for removing ink and stub- 
born typing; use them as they are for re- 
moving pencil lines. Large areas of ink can 
be removed completely without damage by 
using a moist cloth and Bon Ami cleanser 
On Albanene, electric erasing machines are 
fine if used with a soft eraser. 


The Choice is Up To You 


When it comes to selecting K&E paper, 
cloth or film for the job at hand, we have 
to leave the choice to you. We’re not being 
indecisive . . . it’s just that you’re the only 
one who knows the particular problem you 
have and which product solves it best. But 
remember... K&E has a complete line of 
paper, cloth and film...and only K&E 
puts a special “engineered surface” on all 
three media to provide a well-balanced, 
uniform surface suited to the base material. 


ET ee nT TE 


O K&E Herculene 


Name & Title 


KEUFFEL & ESSER CO., Dept. EM-12, Hoboken, N. J. 
Please send me more information and samples on the following: 


O K&E Albanene 


C1) K&E Phoenix 





Company & Address___ 
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NOW... A New Design Concept 
in Multi-Circuit Program Control 


Multi-Circuit 


IMERS = 


Master programming dials control operation of all circuits and 
sequencing relationship between circuits in the cycle. Adjustments 
are easily made on the face of the panel. As many as 48 “‘on”’ and 
“off’’ operations can be made on any one circuit without disturb- 
ing operation of other circuits. Single heavy-duty motor drives 
entire unit to assure full synchronization of operations and dials, 


Zenith Multi-Circuit Cycle Timers 
are available in models and types for all 
timing, mixing, compounding, processing 
and similar operations. They can be sup- 
plied in any time cycle and any number 
of switches. 


Request details on the Zenith Master 
Programmer and other multi-circuit 
t 


Mode! WM — Compact Desi 
- fn rs. Write on company letterhead for 


complete 64-page catalog describing automatic transfer and re- 
mote control switches, magnetic contactors, program clocks and 
timing controls. 


See Classified Directory for Name of Local Representative 


152 WEST WALTON STREET + CHICAGO 10, ILLINOIS 
Circle 286 on page 17 


ew TEMP-R-TAPE'C 
002” thick, 2750 v/m 
pressure sensitive TEFLON* tape 


For -100°F to 500°F applications 


TEMP-R-TAPE® C, CHR’s newest pressure-sensitive tape, is made of 
ultra-thin, high dielectric, cast Teflon film to which a silicone poly- 
mer adhesive has been applied. Both pressure-sensitive and thermal 
curing, the adhesive sticks well to any surface over a —100°F to 
500°F (—70°C to 260°C) temperature range. Providing an easy-to- 
apply, extremely thin, high dielectric insulator (2750 volts/mil), 
TEMP-R-TAPE C was designed for and is now being used in the 
manufacture of miniature electronic units to withstand Class H and 
higher temperature requirements. Send for data on TEMP-R-TAPE C 
and CHR’s other extreme temperature, electrical and mechanical 
pressure-sensitive tapes. 


CONNECTICUT HARD RUBBER 
CHR 


Circle 287 on page 17 


NEW HAVEN 9 CONNECTICUT 


Taylor Fibre Co., Norristown 37, Pa 
Virginia P ulp and P aper Lo., 
k Ave.. New York 17, NY. 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div., 

ich « 

Radio Cores, Inc., 
Lawn, 


Chrysler Corp., Detroit 31, 


9540 Tulley Ave., Oak 


FILTERS, RADIO 


General Electric Co., 
Div., Schenectady 5, N 


maperaten Sales 
Mallory & Co., Inc., P. 'B., 


ea Indianapolis 

Sorages Electric Co. 
Adams, Mass 

Tobe Deutschmann Corp., Norwood, Mass, 


United Transformer Co., 150 Varick, New 
York 13, N. Y. 


. 307 Marshall, North 


FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 
ing. 


FLUORESCENT, LAMP AUXILIARIES 
includes Adapters, Galiasts, Compensa- 
tors, Contre! Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
instrument and Radio; also Capacitors. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, onn, 

Chicago Standard Transformer ‘Corp.. 3501 
Addison, Chicago 18, Ill. 

Circle , .. Trenton 4, N. J. 

General Electric Co., oo Mate- 
rials Div., Bridgeport 2, 

Sola mievtete Co., 4633 W. len Chicago 
50 il 

Sprague Electric Co., 307 Marshall, North 
Adams 

Sylvania Electric 
Broadway, New York 19, 

Westinghouse Electric Corp. Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Products, Inc., 1740 
& 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Sub. of Ken- 
worett Copper Corp., Waterbury 20, 
onn 


FREQUENCY METERS. See Instruments 
FUSE HOLDERS, MOUNTINGS and 
cLiPs 


Burndy Corp., Omaton Div., Norwalk 


Bussmann ef Div., McGraw-Edison Co 


o 
Holub = E, Inc., 445 Eim, Sycamore, 


Jones Div., Howard B., Cinch Mfg, Corp 
Chicago 24, Ill 

Multi Electric Mfg. Co., 4227 W. Lake 
Chicago 24, Ill 

Sherman Manufacturing Co.. H. B., Bat- 
tle Creek, Mich 


D Co., 6060 Rivard, Detroit 11, 


Burndy Corp., Omaton Div., Norwalk, 


mn. 

Bussmann Mfg. Div., McGraw-Edison Co.. 
St. Louis 7, Mo 

General Electric Co., 
Jiv., Schenectady 5, 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Apparatus Sales 
N. Y 


GAGES. TEMPERATURE, PRESSURE 
M 


and VACUU 
Weston Electrical Instrument Cort 
sub, of Daystrom, Inc., 6 Freling 
huysen Ave., Newark 5 
Wheelco Instruments Div 
Co., 1403 Rock, 


Barber Colman 
Rockford, Il 


GALVANOMETERS. See Instruments 


GAS GENERATORS, 
INDICATORS 

Engelhard Industries, Inc 
113 Astor, Newark 2, N 


PURIFIERS ané 


Chemical Div 
J 


GASKETS 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, 


Conn, 

Chicago Rawhide hoantonenee Co., 1279 
Elston Ave., Chica 22, I. 

Crane Packing Co., S404 “Oakton, Morton 
Grove, Il 

aE Tec Corp.. 


South Hackensack 


Jebne- Manville, Box 14, New York 16 


Uniied “States Gasket Co.. Plastics Div 


of The Garlock Packing Co., Camden 1, 
N. J 
Western Felt Works, 4021-4139 Ogden 
Ave., Chicago 23, Ill 


GEARMOTORS. See Motors 


GEARS and PINIONS 

Amplex Div., Chrysier Corp., Detroit 31, 
Mich 

Beaver Gear Works, Inc., 
Rockford, Ill 


1035 Parmele, 


Contnental-Diamond Fibre, A Suv. of 
The Budd Co., Newark 13, Del, 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, lil. 

— Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Merkie-Korff Gear Co., 211 N. 
Chicago 7, Ill. 

Radio Cores, inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

United States Graphite Co., 
Saginaw 8, Mich 

Westinghouse Electrie Corp., Gatewer 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Morgan, 


1621 Holland, 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 


Daven Co., 536 W. Mt. 
Route 10, Livingston, 

General Electric Co., 

iv., Schenectady 5, 

General Wlectric Co., “Electronics Div., 
Electronics Park, Syracuse ’ 

Howard Industries, Inc., 1720 State 
Racine, Wis 


Pleasant Ave., 


Apparatus Sales 


GERMANIUM DIODES. 


Semiconductor ; 
Dioc 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 
Electric Co., Laminated Products 
Coshocton, Ohio 
Mycalex Comp. , Cl America, Ctifton Bivd 
Clifton, N 


See Rectifiers 
Transistors and Crystal 


Be FIBER, YARNS, CLOTHS ané 
. See Fabrics Insulating 


GOLD, ROLLED 
Engelhard Industries, Inc., 
113 Astor, Newark 5, 
General Plate Div., "Metais & Controls 
Corp., 1912 Forest, Attleboro, Mass 
Handy & lUarman, 82 Fulton, New lurk 

=. © 


(Plate and Wire) 
Chemical Div 


GRAPHITE. See Carbon and Graphite 


GREASE, BEARING 


Dow Corning Corp., 
(Silicone) 


Midland, Mich 


GRIPS and CLAMPS, STRAIN RELIEF 

Heyman Mfg. Co., Kenilworth 1, N. J 

Walker Co., George, 118 Amsterdam Ave.,. 
Passaic, N. J 

Weckesser Co., 5711 Northwest Highway 
Chicago 30, IIL 


GYROS 


Kearfott Co., 1378 Main Ave., Clifton 
N. J 


HARNESSES and ASSEMBLIES, WIRE 

Amshanel Electronics Corp., 1830 8S. 54th 
Ave., Chicago 50, Il! 

Belden Mfg. Co 415 8S. Kilpatrick. 
Chicago 44, Ill 

Cornish Wire Co., 50 Church, New York 

y 


Sates Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn 

Phalo Plastics Corp., 530 Boston Tpke 
Shrewsbury, Mass 

Switchcraft 5939 N 
Chicago 30, Il 


Elston Ave., 


HEADPHONES and HEADSETS 
Automatic Electric Sales Corp., Northlake 
aT 


ll 
Stromberg-Carison, A Div ef Genera} 
Dynamics Corp., 117 Carlson Rd 
Rochester 3, N. ¥ 


HEATING ELEMENTS and UNITS 
Anderson Controls, Inc., 9959 Pacific Ave 
Franklin Park, I 
Cutler-Hammer, Ine., 
Milwaukee |. Wis 
Driver Co., Wilbur B 1875 
Highway, Newark 4, N. J 
General Electric Co., 
Div.. Schenectady 5, N 
Still-Man Manufacturing Corp., 
164th, New York N. ¥ 
Vulcan Electric Co., 
Watlow Electric Mfg. Co. 
Ave St. Louis 14, Mo. 
Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Diane Ave., 
Pittsburgh 30, Pa 
Wiegand Co Edwin L. 7530 Thomas 
sivd., Pittsburgh 8, a. 


1264 St. Paul Ave 
McCarter 
Apparatus Salee 
429-33 E 


Danvers 2, Mas 
1362 Ferguson 


HEAT LIMITERS 
Bussmann Mfg Div., 
St. Louis 7, Mo. 


McGraw-Edison Co.. 


HERMETIC SEALS. See Seals and Ter- 
minals, llermetic 


HIGH-FREQUENCY HEATING UNITS 

General Electric Co., Apparatus Sales 
Div., Schenectady N. ¥ 

Radio Receptor Co Ine. 
Div., 240 Wythe Ave.. 


Semiconductor 
Brooklyn 11 


ee: 
Westinghouse 

Center, Bldg. No. 

Pittsburgh 22, Pa, 


Electric Corp., Gatew 
3, 401 Liberty i 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys 


ELECTRICAL MANUFACTURING 





Another New and Better Product 
developed by FANSTEEL Research 


Unretouched photograph (magnified 10x) shows the perfect 
mechanical and electrical bond between the contact material 
and the steel backing. The contact material envelops the side of 
the backing, providing additional protection against corrosion 


and arcing, and aiding in heat dissipation 


This time it’s 


Oto O* Electrical Contacts 


PATENTS PENDING 


This is a new type of button contact, exclusive with Fansteel, 
designed to bring to the users all the advantages and bene- 
fits of Fastell® RJA (silver-cadmium oxide), as well as fine 

silver, coin silver and other ductile silver alloys. 
Fastell RJA is highly useful for heavy load circuits, either 
d-c or a-c. It has a remarkable immunity to pitting, arcing 
and sticking and has.minimum tendency to transfer. The 
Senet cil take a8} Weta “hie cadmium oxide content imparts a self-cleaning and arc 
to Round" Contact (magnified 2x). This quenching action which keeps contact resistance and oper- 
part is produced by an economical press ating temperature low. Standard Sizes—Fansteel [] to O 
Sr ye oe Contacts are available in four standard diameters: 0.156’, 
a alk ht 0.187", 0.250” and 0.312”. Standard tooling is maintained 

Technical Data Bulletin 7.109 for these sizes at no cost to the user. 
Ask for Technical Data Bulletin 7.109 — better still, send 
us samples and/or drawings of the contacts you are using 
at present, and let us make recommendations. 


*Pronounced “Square to Round” 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, NoprtH CHICAGO, ILLINOIS, U.S.A 
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CERAMIC SEALS 


@ For ruggedness 


@ Greater thermal shock 
resistance 


@ Complete reliability 


Advac stem-cup and coaxial 
assemblies with ceramic beads 
provide International Telephone 
and Telegraph Corporation 
with increased electron tube 
reliability. At the same time, 
production costs have been 
substantially reduced. In both 
design and production stages, 
Advac seals offer the important 
advantages listed below. 








BAKEOUT 


Only ceramics withstand repeated 
cycling at temperatures to 700°C. 
Result — greater tube cleanliness, 
higher thermal shock resistance, 
longer life. 


RELIABILITY 


“In line” production failure reduced 
to a minimum due to ceramics 
exclusive firing characteristics. 


FLEXIBILITY 


Outstanding performance in metal or 
ceramic envelopes means greater 
design latitudes. Can be used with 
magnetic or non-magnetic materials 
. afford improved performance in 
a wide range of metals including 
Grade A Nickel, Mone! Nickel Iron 
and Kovar*. 


WRITE FOR 
CATALOG AND 
QUOTATIONS ON 
YOUR CERAMIC 
ASSEMBLIES — 
PLEASE ADDRESS 
INQUIRIES TO 
DEPARTMENT MF 


BRAZING 


Advanced techniques include a prime 
coat of moly-manganese for reliable 
bonding. Ceramic bead construction 
permits high temperature brazing, 
resulting in a stronger assembly with 
superior shock characteristics. 


*Westinghouse 
Tradename 


Advac Seals are manufactured only by — 


ADVANCED VACUUM 
PRODUCTS -: INC 


430 Fairfield Avenue, Stamford, Connecticut 
Telephone: DAvis 4-2148 


GENERAL CERAMICS 


Industrial Ceramics for industrial Progress Since 1906 / 


A Division of 





Circle 289 on page 17 


HOLDERS, COMMUTATOR BRUSH 
= oes Molding & Mfg. Co., Gurnee 96, 


Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 3625 N 
Halsted, Chicago 13, Ill. 


IMMERSION HEATER UNITS. See 
Heating Elements and Units, 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds 


INDUCTION HEATING. See High-Fre- 
quency Heating Units 

INFRA-RED LAMPS. See Lamps, Incan- 
descent and Infra-red 


aS RV RENTS. ELECTRICAL MEAS- 
RING AND TESTING 


ine Electronics Laboratory, Inc., 249 
J 


Terhune Ave., Passaic, N. 
3794 W. Bel- 


——¥~ Research, Inc., 
, Chicago, TL. 
, Beckman Instruments i 
‘Wright Ave., Richmond 8, Cali 
Chaullon « Sons, *Jonn, 35 Cuff, i 
Y 


. 536 W. Mt Pleasant Ave. 
nally 10, Livingston, N. J 

Electro Products Laboratories, inc., 4501 
N. Ravenswood Ave.. Chicago 40. Ill. 

GRH Halitest Co., 157 8S. Morgan Bivd., 
Valparaiso, Ind. 

General biectric &. 
Div., Schenectady 5 

Industrial Test ARS Co., 55 E. 
llth, New York 3, N. Y. 

National Pneumatic Co. Ine 
Cabot Div., 125 Amory, 


_ Apparatus Sales 


Holtzer- 
Boston 19, 


ass 
Phaostron Instrument & Electronic Co., 
151 Pasadena Ave., South Pasadena, 


Calif. 

Precision Apparatus Co., Inc., 70-31 84th, 
Glendale 27, L. L, N. ¥ 

Radio Corp. * of America, Dept. 0-44, 
Bldg. 15-1, Camden, J. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Westinghouse Electric Corp., Gateway 
Center, Bidg., No. 3, 401 Liberty Ave., 
Pittsburgh 2 Pa 

Weston Electrical instrument 
sub. of Daystrom, Inc., 614 
huysen Ave Newark 5, N 
Wheeico Instrument Dir Barber-Colman 
Co., 1403 Rock. Rockford, Il) 


Corp 
Soatens- 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic 


Berkeley Div of Beckman Instruments 
I 2200 Wright Ave., Richmond 3, 


Brush Instruments, Div. of Clevite Corp., 
3405 Perkins Ave., Cleveland 14, Ohio 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston. N 

Dumont Laboratories, Inc., Allen B., 760 
Bloomfield Ave.. Clifton. 

Ferris Instrument Co., 110 Cornelia, Boon 
ton, N. J 

Hewlett- Packard Co., 4621M Page Mill 
Rd., alo Alto, Calif 

General Electric Co., Apparatus Sales Div 
Schenectady 5 Y. 

Industrial Test Equipment Co., 55 E. 11th, 
New York 3, N. Y¥ 

Librascope, Inc., 40 E 
Calif 

aay een 


“Verdugo, Burbank, 


Amplifiers, _ _ 632 Tinton 
New York 55, 
Radio Corp of America RS 0-44, Bidg 
5- Camden 
me. J Co., Meiustrial Div., 
Waltham 54, ass 
Varian Associates, Instrument Div., Palo 
Alto 23. Calif 
Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Dretinaiey- 
sen Ave., Newark 5, N. J. 


175 Wyman, 


INSTRUMENTS, LABORATORY 
STANDARD 


Chatillon & Sons, John, 85 Cliff, New 
fork, N. Y. 
Electro Products Laboratories, Inc., 4501 
Ravenswood Ave., Chicago 40, Ill 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N > 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No, 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp 
sub, of Daystrom, Inc., sa Frelinghuy 
sen Ave., Newark 5, 

Wheelco Instrument Div. 
Co., 1408 Rock, Rockford, 


: on Colman 


INSULATING MATERIALS. See follow- 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics, Insulating 


Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
bing and Sleeving, Braided Fabrie 
Tubing and Sleeving, Extruded Plastic 
Tubing, Paper 


Varnishes, Compounds and Resins, In- 
sulating 
Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 

American Lava Corp., Chattanooga 5, 
enn 

Dow Corning Corp., Midland, Mich, 

du Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div.,. Polychemicals Dept., 
Wilmington 98, Del. 

Genera] Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Con 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 


IRONS, SOLDERING. See 
Equipment 


Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic 


JEWEL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator 


JOINTS, UNIVERSAL 
Apex Machine & Tool Co., 1042 8. Patter 
son Blvd., Dayton 2, Ohio 
Lovejoy Flexible Coupling Co., 

Lake, Chicago 44, Ill 


4802 W 


KNOBS, CAPS and HANDLES 

Midwest Molding & Mfg. Co., 123 Rotary 
Dr., Gurnee 96 i 

Rogan Brothers, 8027 N, Monticello Ave., 


Skokie, Ill 


LACQUERS, ENAMELS, 
VARNISHES, FINISHI 
Allied Research Products, Inc., 
E. Monument, Baltimore 5, 4 
Aluminum Co, of America, Alcoa Bidg., 
Pittsburgh 19, Pa 
Dow Corning Corp., Midland, Mich 

(Silicone Resins and Varnishes). 
du Pont de Nemours & Co., (Inc.), 
Finishes Dept., Wilmington 98, Del. 
Sherwin-Williams Co., General Industrial 
iv., Cleveland 1, Ohio 


PAINTS and 
NG 


4004-06 


LAMINATED METALS, a and 
BASE (Sheet, Tube and ir 


Brainin Co., C. 8., 320 W canines Mt. 
Vernon, N. Y 
General Plate Div Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 

38, N. Y¥ 


LAMINATED PLASTICS. See Plastics. 


LAMINATIONS, MOTOR and 
TRANSFORMER 

Magnetic Metals Co., 
2ist, Camden 1, N. J. 
Magnetics, Inc., Box 391, 
fhomas & Skinner, Inc., 
Indianapolis 7, Ind 


Hayes Are. at 


Butler, Pa 
1114 EK. 28rd, 


LAMPS, 

General Electric Co., 
land 12, Ohio 

Westinghouse Electri ‘orp Gateway 
Center, Bidg, No 3, 401 Liberty _— 
Pittsburgh 30, Pa 


LAMPS, INCANDESCENT and 
INFRA-RED 


FLUORESCENT 
Nela Park, Cleve- 


General Electric Co., Nela Park, Cleve- 
land 12, Ohio 

Westinghouse Electric Cor Gateway 
Center, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 

General Electric Co., Neila Park, Cleve 
and 12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


LAMPS. 
cator) 


MINIATURE (Pilot and Indi- 


General Viectrie Co Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio 

Westinghouse Electric Corp. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAVA. See Ceramics 


LAYOUT FLUID 
Dykem Co., 2303F N, 11th, St. Louis 6, 
Mo. 


LIGHTING FIXTURES 

Killark Electric Manufacturing Co., Van- 
deventer and Easton Aves., St, Louis 13, 
Mo. 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Cannon Electrie Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 

Co., Syracuse 1 


Crouse-Hinds . i - 
“4 Stewart Ave., Brooklyn 


one Corp., 
37, 4 


ena’ Hlectric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn, 

Hetherington inc., 1200 Elmwood Ave., 
Sharon Hill. a 

Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn. 


ELECTRICAL MANUFACTURING 
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The RVF Rotary Suitch can be furnished with 
2, 4, or 6 levels, 30 points, each with single 
wiper. With double wipers, the same switches 
become 4, 8, or 12 level units respectively with 
15 points per level. Bank contact ratings 


] amp. at rest; .2 amp. resistive when stepping 


FIND THE PIVOT PIN 
IN THE STEPPING MECHANISM OF 
THIS NORTH RVF ROTARY SW/TCH 


Off normal contact ratings 4 amp. resistive 
Switch may be driven self-stepping or externally 
Gold plated bank contacts and wipers are 
avauable for low level switching. Available 
uith 12, 24, 48, 110 V. D.C. coils. Built-in spark 
suppression on 24 and 48 volt switches 
Vounting dimensions: 1.968" x 3.661" O.C 
Overall height: 4%" height above mounting 

max. dimensions for 6 level switch 
Weight: 1.32 lis 


Give up? So did we! A rotary switch cannot be designed Switch is being used for programming, sequence control, 
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with a pivot pin in the stepping mechanism and meet 
North Electric’s standards of reliability! 

Result: North’s high speed RVF Rotary Switch has no 
pivot pin — no wear point to change critical dimensions 
of any part of the stepping mechanism — reliable, accu- 
rate stepping for the life of the switch! 

The North RVF Rotary Switch allows maximum flexi- 
bility in circuit approach — no longer is the engineer 
limited to one input per bank level — any combination 
up to 30 inputs and/or outputs per bank level affords a 
flexibility hitherto unknown. North’s RVF Rotary 


routining test equipment, as an impulse counter, mem- 
ory device, and for tallying and counting in production 
control. 


The bank terminals on the North RVF Rotary Switch 


are designed for use with either soldered connections or 
solderless connectors. 


The switch is completely dust enclosed, and has vibra- 
tion-proof mounting. 


For the most versatile, flexible, reliable Rotary Switch 
on the market - NORTH RVF ROTARY SWITCH. 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


8512 SOUTH MARKET STREET 


* GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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Why Not Be Practical About Your 
Engineering Drawings? 


Filmsort 


Aperture Cards 


An engineer we know recently said: 

“You fellows at Filmsort always talk about how 
to save time and money for the big guy. What 
about me with my hundred thousand tracings? Can 
| use this microfilm and file card you call an 
Aperture?” 

The answer is you don't have to be big to use 
Filmsort—just practical. 

Why not ask us to send our new booklet, “The 
Filmsort Aperture Card for Your Engineering Draw- 
ings and Allied Records” 


The Filmsort Company 


Pearl River, New York 


A DIVISION OF MIEHLE-GOSS-DEXTER, INC. 
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LISTED BY UNDERWRITERS 


IMMEDIATE 
DELIVERY! 


INDUSTRY DEPENDS 
ON THE 
MULTI-UNION LINE 
FOR HIGH STANDARD 
eo) mee ltr lab e @ 


LAB‘S. 


INDUSTRY DEPENDS 
ON MULTI FOR “ON- 
TIME” DELIVERIES. 


QUALITY 

* WHITE GLAZED PORCELAIN 
* SLATE 

*MOLDED COMPOSITION 


Fuse Clips — Ferrule Type are 


of spring tempered special 
bronze selected for its high 
conductivity and tong\lasting 


tension 


BULLETIN WD457 
GIVES COMPLETE DATA 


MULT 
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ELECTRIC MFG. 
4219 W. LAKE ST. CHICAGO 


INC, 


Square D Co., 4041 N, 
waukee 12, Wis 


Richards, Mil- 


LOCKNUTS and LOCK WASHERS 


See Fasteners 


LUBRICANTS 
Shell Oil Co., 50 W. 50th, New York 26 
~ = 


LUBRICATORS, OIL and GREASE 


Madison-Kipp Corp., 214 Waubesa, Madi 
10, Wis 


LUGS and TERMINALS 

AMP Incorporated, 5284 Eisenhower Bivd., 
Harrisburg, Pa 

American Brass Co., Waterbury 20, Conn 

Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N. J 

end Corp., Omaton Div., Norwalk, 

Hart, “Manufacturing Co., 
Ave., Hartford 1, Conn 

Heyman Mfg. Co., Kenilworth 1N. J 

Johnson Ce., E, F., 2331 Second Ave., 
S.W., Waseca, Minn 

Jones Div., Howard B., 
Chicago ‘24, 


211 Bartholomew 


Cinch Mfg, Corp 


Til, 
Hudepohl, 
. Ohio 
and Manufacturing Co., 4021 
: . Chicago 24, Ill 
Mycalex Corp. of America, 
Clifton, N, J 
—. Co., 35 Verona Ave., 


1043 Evans, Cin 


Clifton Blvd., 
Newark 4, 


siatetie Corp., 610 Fayette Ave.. Mama- 
roneck, N. Y. 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich 

Thomas & ‘o. Inc., 28 Butler, 

Thompson-Bremer & .¥ Sub 
Machine & Foundry Co., 22: 
Salle, Chicago 1, Ill 


American 
8 N, La 


MACHINES. See specific headings 


Balancing; Coil Winding; Drafting Ke 
production; Eyeleting; Molding, Plastic: 
Rivet Setting; Screw Driving; Stripper 
Wire; Vibration Test; Welding 


MAGNETIC AMPLIFIERS 


Airpax Products Co., Fort Lauderdale, 
a 
Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 
Calif 
Control, Box 391, Butler, Pa 
Fidelity. Instrument Corp., 1000 E 
Boundary Ave., York, Pa 
General Electric Co., 
Biv., Schenectady 5, I 
Kearfott Co., Inc., 1378 
Clifton, N. J 
Amplifiers Inc., 632 
‘ew York 55, N. Y 
Electric Vickers Inc., 1503 
st, St. Louis 2. Mo 
Westinghouse Elect 
Center, Bidg. 
Pittsburgh 22, Pa 


Apparatus Sales 


Main Ave., 


M agnetic Tinton 


ic Sorp., Gateway 
3. wn Liberty Ave., 


MAGNETIC BRAKES. See Brakes, Mag 


netic 


MAGNETIC MATERIALS. See Steel 
Electrical; Magnets. Permanent; Mag 
neti Recorder Components; Powdered 
Metal Protucts 


MAGNETIC MODULATORS 
Clenera Magnetics, Inec., 
Ave Bloomfield, N. J. 


MAGNETIC RECORDER COMPONENTS 

Driver Co., Wilbur B 1875 McCarter 
Highway, Newark 4, N. 4 

Minnesota Mining & Mfg. Co., Electrical 
Products Divs 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg-Carison A Diy of 
Dynamics Corp 117 
Rochester 3, N. Y¥ 


General 
Carlson Rd., 


MAGNETS, PERMANENT 

Arnold Engineering Co., 
(Magnetic Alloy Cores) 

General Electric Co., Metallurgical Prod- 
ucts Dept 11131 E. 8 Mile Ave., De- 
troit 32. Mich 

indions Steel Products Co., 


Marengo. Ill 


Valparaiso 


Thomas & Skinner In 
Indianapolis 7, Inc 


1114 E. 28rd 


MAGNET WIRE. See Wire, Magnet 


MARKERS, IDENTIFICATION 
National Band & Tag Co., Dept. 
Newport, Ky 


Natvar Corp., 207 Randolph Ave., 
bridge, N. J 


9-254 
Wood- 


MARKING STAMPS 
Krengel M anufacturing Co 
ton, New York 7, N. Y 


MATERIALS HANDLING EQUIPMENT 
Continental-Diamond Fibre, A Sub, of 
e Budd Co., Newark 13, Del. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 
SoemiGns Fibre Co., Inc., Tonawanda, 


MERCURY RELAYS. See Relays 


MERCURY SWITCHES. See Switches 


METALS, LAMINATED. 
Metals, 


See Laminated 
Precious and Base 


METALS, PRECIOUS, 
nated Metals; 


See Gold; 
Piatinum; Silver 


Lam!i- 


METALS, RARE 

Fansteel Metallurgical Corp., 
aso, Ill 

Mallory & Co., Inc., P. R., 
6, Ind 


North Chi- 


Indianapolis 


METERS, HOUR 

Haydon Div. of General Time Corp., 253 
Kim, Torrington, Conn, 

Industriai Timer Corp 1411 
Highway, Newark 4, N. J 


McCarter 


MICA, GLASS-BONDED. See 
Bonded Mica 


Glate- 


MICA, MOLDED and LAMINATED 
(Sheets, Pilate, Tape, Tubes, Rings, 
Segments, Washers, etc.) 

Continental-Diamond Fibre, 

fhe Budd Co., Newark 13, 

General Electric Co., Laminated Producte 
Dept., Coshucton, Ohio 

‘nsulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 

Macallen Co., Bay Rd., Newmarket, N. H 


MICROPHONES 


American Microphone, Electronics Div., 
Elgin National Watch Co., 370 8, Fair 
Oaks Ave., Pasadena, Calif 

General Electric Co., Apparatus 
Yiv., Schenectady 1, N. Y. 


Sales 


MICROSCOPES, 
MEASURING 

Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y 


INSPECTION and 
84717 Bt 
INSULATION and MOLDED 


CTS. See Ceramics; Mica; Plas 
Ate Kubber. 


mo. ece 
RODU 


MOLDING MACHINES, PLASTIC 

Automatic Molding Machine Co., Sub of 
Wagner Brothers, In 400 Midland 
Ave., Detroit 3, Mich 

Mosio Machinery Co., 2443 Prospect Ave., 
Cleveland 15, Ohio 


MOLYBDENUM—(Sheet and Wire) See 
also Contacts 

Fanstee! Metallurgical Corp., 
cago, Il, 

Te & Co., Inc., P. R., 
6. Ind 


North Chi 
Indianapolis 


MOTOR CONTROLS and STARTERS. See 
Controllers, Motor; Push Button Sta 
tions 


MOTOR GENERATOR SETS 
Kato Engineering Co., 128 Maxfield Ave 
Mankato, Minn 


MOTORS and GENERATORS. See, Motors 
Table on page 296 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Manville, Dutch 
7800 Woodlawn Ave., 


Brand Products 
Chicago 19, Il 


MOVEMENTS, CLOCK and TIMING 

Haydon Co., A. W., 234 North Eim 
Waterbury 20, Conn 

Haydon Div. of General Time Corp, 253°! 
Elm, Torrington, Conn 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn 
(Cupro- Nickel) 
ses pgs Steel Co., 

ing 
Chase arene & Copper Co., 
necott Copper Corp., 
Conn 
Driver Co, Wilbur B 
Highway, Newark 4, } 
Driver-Harris Cv., Harrison, "'N. J, 
General Plate Div., Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass. 
International tee Co., Inc., 67 Wall 
New 5 Y 
a Alloy Metal Div., H, 
Riverside, N. J. 
Bemere ies s Co., Inc., 110 
Ave., Waterbury, Conn, 


115 W. Bern, Read 


Sub. of Ken- 
Waterbury 20, 


_ 1875 McCarter 


K. Porter 


Baldwin 


NICKEL-SILVER 
(Rod, Sheet, Tubing, wire) 
American Brass Co., Waterbury 20, wonn 
Chase Brass & Copper Co.. Sub. en 
an Copper Corp., Waterbury 26 


Riverside- Alloy Metal Div., H, K. Porter 
Co., J. 


inc., Riverside, N. 
NUTS. See Fasteners. 
OHMETERS, See Instruments. 
OILERS. See Lubricators, Oi] and Grease 
OSCILLATORS. See Instruments. 
OSCILLOSCOPES. See also Instruments. 


Electronic; Recorders, Oscillographic. 


Dumont Laboratories Inc., (p= B., 760 
Bloomfield Ave., Clifton, N.J 


ELECTRICAL MANUFACTURING 





FOR INDICATION OF O, OR H, 
MINOXO® INDICATOR . . . measures traces of molecular 


oxygen in other gases—from 1 to 10 parts per million, 
and from 1 to 100 PPM. High sensitivity and rapid speed of 
CHEMICAL response enable it to be used for laboratory investigation and 
DIVISION production quality control. SUPER-SENSITIVE DEOXO® 
INDICATOR . . . measures oxygen or hydrogen present as 
impurities in other gases—from 2 to 200 parts per million 
oxygen and 4 to 400 ports per million hydrogen. Dual range 
permits measurement up to .25% oxygen or .50% hydrogen. 
Chemical Division, 113 Astor Street, Newark 2, N. J. 


Circ'e 293 on page 17 


FOR VACUUM TUBE GRIDS 


PLATINUM CLAD TUNGSTEN WIRE . . . Because of its 
superior physical properties at elevated temperatures, 
tungsten provides the more rigid, refractory core material 
ea required by high power tubes; it also exhibits lower 
PLATINUM 
DIVISION hot stretched to take a permanent setting 
and lends itself to fabrication into grids employing 


interaction with platinum. Platinum clad tungsten is readily 


conventional fixtures and spot welding procedures. 
Available in diameters from .001” and up. 
Baker Platinim Division, 113 Astor Street, Newark, N. J. 


Circle 294 on page 17 


24K GOLD IMMERSION SOLUTION 


ATOMEX® . . . For depositing a thin layer of 24 Karat Gold by 
, means of a simple bath. Such items as clock assemblies and 
sbbiiieh. i" RN metallized plastics receive a dense, uniform deposit of gold. 
a : i . CHEMICAL Printed circuits protected in this manner retain their solderability 
Cae eo! DIVISION for 12 to 18 months under ordinary storage conditions. 
More permanent than electroplating of comparable thickness, 
yet much simpler and cheaper. Expensive analytical control 
is unnecessary. 


Chemical Division, 113 Astor Street, Newark 2, N. J. 
Circle 295 on page 17 
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REDESIGNED 1o 
STABILIZE 
120 x 240 voit 
CIRCUITS 


These constant 

voltage stabilizers 

designed to provide 
standard packaged units as practical, low cost re- 
placements for many special designs we have been 
producing as components for electronic equipment 
manufacturers. 


These features have been incorporated in these new 


units: 
+1% Voltage Stabilization 
Current Limiting Output 


Wide Range of Input Voltage Stabilization 
These standard stock units are available in ratings 
from 15 VA thru 2000 VA. Primary input range 
95 to 130 volts; 190 to 260 volts. Stabilized output 
voltages 120; 240. For filament heating applications 
standard units are available with 6.3 volt stabilized 
output. 

Write for Bulletin CVS-321. 


ACME ELECTRIC CORPORATION 
3512 WATER STREET * CUBA, NEW YORK 


cA Mea YO 8 Ve 
; Fo 2 SM 2 ae 


Circle 296 on page 17 








MOTORS 


Miniature Timing Motors, Geared | 


Subfractional, Under 1/20 0 Hp. 


Fractional, 1 20, 3 % Hp. 


Integral, 1 to 7% Hp. 


Integral, Over 744 | Hp. 
Geermotors 


Generators 


Low Voltages (Under 110) 


Ni, <j) ALO; r Qa;alin 


& 











Motors, Inc., Amityville, 


Milwaukee 7, Wis 


= oe 
(B) 


alls & ad Louis, 
(KLNOQRUVYZ) 

Ashland Electric 
Queens Bivd., 
(AB) 

Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co., 1803 Rock, Rockford, 
It. (BCEYZ) 

Bodine Electric Co., 2506 W. Bradley P1., 
Chicago 18, Ill. (ABCDEFGHJQRTYZ&) 

Brevel Products Corp., 601 W. 26th, 
New York 1, N. Y. (A) 

Century Electric Co., 1806 Pine, St 
8. Mo. (FGKLNOPQRUVWYZ) 
Clifton Precision Products Co., Inc, Clif- 

ton Heights, Pa (Servo) 

Controls Co. of America, 9551 
Ave., Schiller Park 

Cramer Controls Corp., 
brook, Conn. (A) 

D & R Itd., 402 E. Gutierrez, P. O. 

1500, Santa Barbara, Calif (U) 

Deleo Products, Div. of youre Motors, 
Dayton, Ohio (BFGKLNUV: 

Dieh! Manufacturing Co., Biostatent Div. 
of The Singer Manufacturing Co., Som- 
erville, N. J. (BCFHKNQV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg Wis, (FGKL) 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. (FEN) 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 

Emerson Electric Mfg, Co., St, Louis 21, 
Mo. (FGJKLMQR) 

General Electric Co., Sales 
Div., Schenectady 5. 

(BC DEFGHIKLMNOPQRSTU VWYZ&) 

General paewusen Co., Dept. GL, Elyria, 
Ohio (BQYZ 

Globe Sedaines. Inc., 
(BC 


Products, Inc., 32-02 
Long Island City 1, N. Y. 


Iauis 


Soreng 


ll 
Box 8, Center- 


Apparatus 
ee 2 


Dayton 4, Ohio 
Hagen Mfg. Co., Ine., 
Moline, Ill. (ABCDE) 
Hansen Manufacturing Co., Inc., 
3, Ind. (ABCEVXYZ) 
Heydon Co., A W <2 N. Elm, Water- 
20, Conn, (CXZ 


202 Twentieth, 


Princeton 


Haydon, Div 
Sim, Torrington 
Heinze Electric at 685 Lawrence, Lowell, 

Mass. (BCDFZ 
Holtzer-Cabot Motor Div., National Pneu 
matic Co., Inc., 125 Amory, Boston 19 
Mass. (ABCEFGHQU VYZ) 
Howard Industries, Inc 
Racine, Wis. (ABC ine }GHORTU . oH 
Induetion Motors Corp., 570 Main, West 
. LL, N. ¥. (BE) 

Motor Corp., Dept. B, 23 W 
Washington Ave., Pearl River, N. Y. 
Janette Electric Mfg. Co., Morton Grove, 

Ill. (FGKLQRUV) 
Kearfott Co., Inc., 1378 Main Ave., Clif- 
N. J. (Servo) (UY) 

Electric Co., Kent, Ohio (BCDEF¥ 
Master Electric Co., Div, of Reliance Blec- 
tric and Engineering Co., Dayton 

Ohio (FGJKLMNOP wart Vw) 
Merkie-Korff Gear Co., 21 Morgan, 


N 
ee 7, (ABCDEFG HJQRST- 


of General Time np. 2531 
Conn, (ABCXY %) 


YZ& 

—— Trading Co., 7 W. 24th, New York 

sisies Motor and Coil Corp., 2432 W 
George, Chicago 18, Ill. (BE) 

Oster Manufacturing Co., John, Avionie 
Div Racine Wis. (BCFGHUVY&) 
(Servo and Synchro) 

Rae Motor Corp., 4 * aeiaaat Racine, 
Wis. (BCDFGHYZ 
Redmond Co., Inc., (BY) 
Keliance LKlectric & 7 Co., 
Cleveland 17, 
Reuland Electric Co., Alhambra, Osalif 

(KNQ) 

Robbins & Myers, Inc., Motor Div., 
Springfield, Ohio (BCDEFGJENU) 
Smith Corp., A. O., Electric Motor Div., 

Tipp City, Ohio (FGKLNOQR) 

Sterling Eiectric Motors, Inc., 5401 Tele- 

Los Angeles 22, Calif 


Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGKLNYZ) 

Westinghouse Electric Corp., Gateway 
Center, Bidg.. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 





OSCILLOSCOPES (cont.) 

General Electric UCo., 
Div., ey @ 5. 

Hewlett-Packard Co. 

-. Palo Alto, 

Hughes Products, 
International poo Sta., 
45, Calif. 

RCA Electron Tube Div., 
of America, Harrison, N. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Apparatus Sales 
a 
Page Mill 


Tube Div., 
Los Angeles 


pom Corp 


PACKING. See Gaskets. 


PAINTS. See Lacquers, Paints 


and Varnishes, 


Enamels, 
Finishing. 


PALLADIUM. See 
inum Products. 


Platinum and Plat 


PANEL CONTROL UNITS 


Allen- ~e gy” _— 1316 8. Second, Mil- 
waukee 4, 

Arrow-Hart a Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Clark Controller Co., 1146 EB. 
Cleveland 10. Ohio 

Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wi 

Eagle Signal Corp., *o02 20th, 

General Electric Co.. 
Div., Schenectady 5, . . 

Heinemann Electric Co., 99 Plum, Tren- 
ton 2, J. 

Square D ‘<> — N. Richards, Mil- 
waukee 12, 
Ward a, 
Mount Vernon, 

Ww re Corp., Gateway 
Cen Bidg o. 8, 401 Liberty Ave. 


Pittsburgh 22, Pa. 
Wheelco Instruments Div., Barber-Colman 
Roekford, Ill, 


Co., 1403 Rock, 
PANELS, DIAL. See Dials and Paneis. 


152nd, 


Moline, Ill 
— Sales 


"Flectrie Co., 34 South, 


. . 
Electric 
N 


PANELS, SHEET STEEL. See 
Metal Fabricators 


PAPER, INDUSTRIAL 
Cottrei Paper eee Inc., 88 Purchase, 


Fall River 
Mosinee Paper Mills A Mosinee, Wis. 
‘t 230 


Bhoet 


West ‘Virginia vate oe 
Park Ave., New York 17 


PAPER, INSULATING 


Acme Wire Co., 1255 DixweH Ave., New 
Haven 14, Con 
Continental- Diamond 

The Budd Co., Newark 13, Del 
Cottrell Paper Co., Inc., 88 Purchase, 
Fall River, Mass 
General Electric Co., 

Decatur, Ill, 
Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill 
Irvington Div., Minnesota Mining & 
anufacturing ty 9 Argyle Terrace, 


Irvington 11, 
Johns-Manville, he 14, New York 16, 
N. ¥ 
Mosinee Paper Mills Co.. Mos 
National Vulcanized Fibre Co., 
ton 99, De 
Natvar Corp., 
bridge, N 
Spaulding Fibre Co., Ine., 
_ te 


Fibre, A Sub. of 


Plastics Dept., 


nee, Wis. 
Witming- 


1, 
207 Randolph Ave., Wood- 
Tonawanda, 


West Virginia Pulp and Paper Co., 2380 
Park Ave., New York 17, N. Y. 


PAPER, PST eQRAPHIC 
REPRODUCTIO 
Ovalid, A Div 


ri General Aniline & 
Film Corp., & © 


Johnson City, N. 


PAPER TRACING. See Tracing Cloth, 
Film and Paper. 


PERMANENT MAGNETS. 
Permanent. 


See Magnets, 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn. 
Chase Brass & Copper Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20. Conn 
Mallory & Co., Inc., P. BR., Indianapolis 


6, Ind 
Miller Co., Meriden, Conn, 
Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. i. 


PHOTOELECTRIC CELLS and TUBES 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Photo- 
electric Cells) 

General Electric Co., Electronie Component 
Div., - aaa 5, N. Y. (Photoelec- 


tric Tubes 
taeeeneiionel Rectifier Corp., El Segundo, 


ELECTRICAL MANUFACTURING 





ALM ts aty 


Taylor insulating materials help keep 
Lionel trains rolling, too 


Model trains and the giant real things use hundreds of 


vulcanized fibre and laminated plastic parts. Designers 
rely on these materials because of high reliability and 
low cost. 

Although primarily applied as insulating materials in 
electric motors, power supply units, track elements, 
locomotives and cars—there are many instances where 
the unique mechanical properties of these materials are 
effectively put to work. An example is the use of lam- 
inated plastic gears (silent gear stock) to transfer power 
from electric motors. 

You, too, may have applications where Taylor vul- 
canized fibre and laminated plastics will cut costs and 
improve product reliability. Our application engineers 
will be glad to discuss them with you. Both our plants— 
Norristown, Pa., and La Verne, Calif.—are equipped 
for prompt supply of basic materials or fabricated parts. 
Write us for details. TAYLOR FIBRE CO., Norristown 
37, Fa. 
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LAMINATED PLASTICS 





Taylor Vulcanized Fibre Parts Insulate the rotors used to 
power Lionel model engines. Photos supplied by courtesy of 
The Lionel Corporation. 


aylor 


VULCANIZED FIBRE 


Circle 297 on page 17 297 





FIRST TRULY 
VERTICAL 
SLIDE 
ATTENUATOR! 


Daven's Series 825 and 835 are the first 

truly vertical slide attenuators. . . with finger- 

fitting knob that moves in a straight line with 

finger-tip pressure. The wiper arm rides on silver alloy contacts, 

not on the resistor element, providing noise-free operation and 

extremely tong life. 

@ Silver alloy contacts, wiper 
arms 

§& Balanced and unbalanced 
ladders and T-type attenu- 
ators “* 

@ In 20 and 30 steps 

@ With or without “Cue” 
position 

FOR FURTHER INFORMATION WRITE: 


ES 


Today, more than ever, the Daven © stands for dependability 


BComplete protection 
against dirt and foreign 


objects 

@ Connector-type terminals 
on rear 

@ 13s" wide, 6” long, 2" 


deep 
@ Available singly, or with 2, 
3, or 4 units side by side 


Circle 298 on page 17 








Make sure your products have 
the exact coils specified by your 
design engineers. Every Dano 
coil, regardless of type or quan- 
tity, is custom made to exact 
specifications — just what the 
doctor ordered to insure healthy, 
trouble-free performance. 





Cotton Interweave 
Form Wound 
High Temperature 


Encapsulated 
Bobbin 
Paper Interleave 


ALSO, TRANSFORMERS MADE TO ORDER 











Write today for prompt analysis of your 
requirements — no obligation! 


— DANO ELECTRIC co. ) 


93 MAIN ST., WINSTED, CONN. 














Circle 299 on page 17 








RCA Electron Tube Div., 
of America, Harrison, N. 

Vickers Electric Div., Vickers Inc., 
Locust, St, Louis flo. 


Radio 
J. 


PHOTOELECTRIC CONTROLS 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 
Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Vittsburgh 30, Pa 
Weston Electrical 
sub. of Daystrom, 
sen Ave., 


Sales 


Gateway Cen- 
Liberty Ave., 


Instrument Cor 
Inc., 614 Frelinghuy- 
Newark 5, N. J. 


PILLOW BLOCKS, See Blocks, Pillow. 


PINS, COTTER and LOCK. See Fasteners. 


PL persee. COLD MOLDED and INOR- 
ANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS 


Ace Plastic Co., 91-64 og Wyck Express- 


way, Jamaica 35, N. 
American Insulator Corp., New Freedom, 
BP; 


EXTRUDERS 


36-36 36th, 
"306-1 Stack, 
"1808 Rock, 


‘a. 
Anchor Plastics Co., Inc., 
Long Island City 6, 
Auburn ae Co., 
Middletown, Con: 
Barber-Colman =< Rockford, 

I 
Borden Co., Santa Bar- 
hara, 
Chicago Molded Products Corp., 1024, 
North Kolmar Ave., Chicago ‘sl, ill 
Continental-Diamend Fibre, A Sub. of The 
udd Co., Newark 13, De 
Cosmo Plastics Co., 3239 W. 


land 9, Ohio. 
Crane Packing Co., 6424 Oakton, 


Resinite Dept., 
if 


1. 
14th, Cleve- 
Morton 


hectric Co., 
a 
Gries Reproducer Corp., 
Ave.. New Rochelle, N, 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 


Irvington 11, N. J 
Midwest Molding & ae Co., 123 Rotary 
Wilming- 


Plastics Dept 
149 Beechwood 
A 


Dr., Gurnee, 96, 

National ~ AF, Fibre Co., 
ton 99, Del. 

Natvar Corp., > ad Randolph Ave., Wood 


bridge, N. 
is Pe Plastics Corp., 2nd & Market, 


Crosse 5, Wis, 
Plastics Corp., 530 Boston Tpke., 
Mass. 
8027 N. Monticello Ave., 
li 
Rostone Corp.. 2405 8S. Concerd Rd., La- 
fayette. Ind 


Spaulding Fibre Co., Inc., Tonawanda 
Sylvania Electric 
Broadway, 
Synthane Corp., 
Taylor Fibre Co., 
United States Gasket Co., 
The Garlock Packing Co., 


Products, Ine., 1740 
9, 


7 . Oaks, Pa 
Norristown 37, Pa. 
Plastics Div. of 
Camden 1, 


Westinghouse Electric Corp., Gateway Cen- 
ig. No. 3, 401 Liberty Ave.. 
Pittebuteh 30. Pa. 


PLASTICS—MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 

Alkyd Molding Compound 

Cellulose Acetate 

Cellulose Nitrate 

Diallyl Phthalate 

Epoxy Resins 

Ethyl Cellulose 

Fluorocarbon 

Melamine Formaldehyde 

Methyl Methacrylate 

Nylon 

Phenolics 

Plastisols, Vinyl 

Polyethylene 

Polyester Resins 

Silicone Resins 

Styrenes 

Urea Formaldehyde 

Vinyl Acetal 

Vinyl Alcohol 

Viny! Chloride 

Viny!-Chloride- 
Vinylidenechleride 

Viny! Chioride Acetate 

Vinylidene Chloride 


Allied Chemical, Plastics & onl Chem- 
icals Div., New York 6, N. (JT) 

American Cyanamid Co eae and 
Resins Div., 33D Rockefeller Plaza 
New York 20, N. Y¥. (CQJ) 

Atlas Powder Co., Chemicals Div., 
Wilmington 99, Del 

Borden Co., Resinite “Dept., Santa Bar- 
bara, Calif. 

Dow Chemical Co., Midland, Mich, (F) 

Dow Corning Corp.. Midland. Mich. (8) 

duPont deNemours & Co., (Inc.), EK 1 
Plastics Dir., Polychemicals — Dept.. 
Wilmington 98, Del, (ADGKLPR) 
Durez Plastics Div Hicoker Chemical 
Corp. 1310 Walck Rd., N. Tonawanda, 

. é Ky) (Casting Itesins) 

cote Products, Inc., A Div, of Joseph 
Waldman & . 137 Coit, Irvington 
i. mee 

FMC Organic Chemicals Div., Food Ma- 

y and Chemical Corp., 161 E 

fork 17, N. » ) 
Electric Co., Plastics 


Olean, N. Y. 


General Dept., 
Decatur, 


lL. 
Houghton Laboratories, Inc., 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Tl. 


Marbon Chemical Div, 
Washington, W. Va. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., &t. 
Paul 6, Minn’ 

National Polymer om, Inc., A sub 
of The Polymer , Reading, Pa. 
Rogan Brothers, seat N. Monticelle Ave, 

Skokie, Til. (CEI) 

Rohm & Haas Co., Washington Sa., Phila- 
delphia 5, Pa. (D) 

Kostone Corp., 2405 8, 
fayette, Ind. (Hf 

Shell Chemical Corp., 
rif Madison Ave. 


of Borg-Warner, 


Concord Rd., La- 


Chemica) Sales Div.. 
New York 17, N. ¥ 


United States Gasket Co., Plastics Div., 
of The Garlock Packing Co., Camden 1 
. (P) 


PLASTICS, SHEETS, RODS and TUBES 

AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Borden Co., Resinite Dept., 
bara, Calif 

Cleveland Container Co., 6201 Barberten 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Dilectrix Corp., Allen Bivd., 
dale, L. LL, N. ° 

Epoxy Products, Inc., A Div. 
Waldman & Sons, 137 Coit, 
11, N. J 


Santa Bar- 


Farming- 


of Joseph 
Irvington 


General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
General Electric Co., 
Decatur. 1) 
Halogen Insulator & Seal Corp., 9960 
Pacific Ave,, Franklin Park, Il, 
Houghton Laboratories, tuc., Uiean, N, Y. 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1, N. Y. 
National Vulcanized Fibre Co., Wilming- 
) 


ton 99, 
2nd & Market, 


Northern Plastics Se orp., 
Spaulding Fibre *Co., Inc., 
N 


Plastics Dept., 


La Crosse 5, 
Tonawanda. 


Stone Paper Tube Co., Inc., 
.E., Washington 17, D.C. 
Taylor Fibre Co., Norriswown 37, Ps. 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty rw 
Pittsburgh 30, Pa. 


900 Franklin, 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts, 


Brainin Co., C. 8., 318 Washington, Mt 
Vernon, N, ¥ 

Englehard Industries, Inc., Baker Plati- 
num Di 113 Astor, Newark 5, N.J. 

General Pinte Div Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass. 

Handy & Harman, 82 Fulton, New York 
38. N. ¥ 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ul 


PLUGS and JACKS. COMMUNICATION 
Switecheraft, Inc., 5539 N. Elston Ave., 
Chicage 30, Ill. 


PLUGS and RECEPTACLES 
&mpheno! Electronics Corp., 1830 8. 54th 
Ave Chicago 50. Ill. 

Arrow-Hart & Hegeman mimate Co., 103 
Hawthorne. Hartford 6, Con 
—"s, Electric Sales Corp. 

la 

Belden Mfg. Co., 4633 W. 
Chicago 44. Il, 
Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 
Circle F Mfg. Co., Trenton 4, N, 3 
comtentio & Co., L. L., Route 46, Lodi, 


50 Church, New 


North- 


Van Buren, 


Cornish Wire Co., Inc., 
Yor! XN. ¥. 
Crouse-Hinds Co., 
General Electric ‘Co., 
rials Div., 
Hart Manufacturing Co., 
Ave., Hartford 1, Conr 


Syracuse 1, N. 
Construction Tete 
Bridgeport 2, Conn. 
“ie Bartholomew 


Hubbell, Inc., Harvey, Bridgeport 2, Conn, 
Johnson Co., FE, F., 2331 Second Ave., 


S. W., Waseca, Minn 
Jones Div., Howard B., Cinch Mfg. Corp.. 
Brookfield, Ill, 


Chicago 24, Ill. 
Molex Products Co., 

Royal Electric Corp., Pawtucket, R, I. 
Stromberg-Carison, A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3. N. Y, 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Il, 


PORCELAIN. See Ceramics. 


POTENTIOMETERS. See also Rheostats 
Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4, \Wis. 
Bourns Labotatories, 

Riverside, C 
Clarostat \. .. Dover, N, H 
Daven Co,, 5 y. Mt, Pleasant ‘Ave., 

oute 10, > 
International Resistance Co., N. 

Brosd, Philadelphia 8, Pa. 

Kintronic, Div, Chicago Aerial Industries, 

Ine. yess Hawthorne Ave., Melrose 


Park, 
8613 Howard, 


Obmite Masnfacturing Co., 
Skokie, II. 

Rattray & Co., George, A Div. of Hard- 
wick, Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, N. Y. 

Stackpole Carbon Co., St. Marys, Pa. 


P. O. Box 2112 
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HOW SORENG “TT"* 
STOCK SOLENOIDS 


can meet your 
design requirements 


ECONOMICALLY 


*Double T 
Plunger 


Our Stock Solenoid Line consists of four models 
offering 12 sets of electrical characteristics. These 
stock solenoids can be used in more than 90% 
of all solenoid applications. 

There are no minimum order requirements, 
yet you enjoy a very favorable price over short 
run orders plus all of the Soreng custom design 
features. Get full information by writing for 
Bulletin SL-23. 


SORENG SOLENOID FEATURES 


© Extremely quiet No power drop-off 


Protected by EPOXY 


® High sealing pull } 
encapsulated coil 


® Uniform 
electro-magnetic 
characteristics over 
longer period 


More pull at point 
needed 


Long operating life 


Bulletin 
SL-23 
Drawing 
Power Curves, 
Technical 


CONTROLS COMPANY OF AMERICA 
Manufacturers of S OR E. Ni G CONTROLS 


9551 SORENG AVENUE e SCHILLER PARK, ILLINOIS 


Circle 300 on page 17 


Ultronix, = . 116 8. Bayshore Bivd., San 
Mateo, Calif. 

Weston Khoctrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 


POTS and LADLES, MELTING 

General Electric Co., Apparatus Sale 
Div., Schenectady 5, N. Y 

Vulcan Electric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 


es Div., Chrysler Corp., Detroit 81, 
one Brats and Bronze Co., Toledo 1, 
i 


Gibson Electric Co., Old Wm. Penn 
Highway, Delmont, Pa. 
=— & Co., Inc., P. B., Indianapolis 6, 


Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich 


POWDERS, METAL 

mae f ' aon 82 Fulton, New York 

wie Jersey Zine Co., 
York 38, N. Y, 
per and Zinc) 


160 Front, New 
(Brass, Bronze, Cop- 


POWER SUPPLY UNITS 

Christie Electric Corp., 3410 W. 67th, Los 
Angeles 43, Calif. 

Electro Wrouwis Laboratories, Inc., 4501 
N, Ravenswood Ave., — 40, ill. 

Fidelity Instrument Corp. 000 E. Bound- 


ary Ave., York, 

Kepco Laboratories, ‘tee. 181-38 Sanford 
Ave., Flushing 55, N. Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

N, E. Corp., 341 
Kenilworth, nN J 
— Electric Co., 4633 W, 16th, Chicago 

50, 
Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


PULLEYS and DRIVES, 
SPEED 


Carnegie Ave., 


VARIABLE 


Hi-Lo Manufacturing Co., 
vergne Ave., Chicago : 2 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill 


308 N. La- 
"4802 W. 


PUMPS 


Robbins & Myers, Inc., Pump Div., 
Springfield, Ohio 


PUSH BUTTON STATIONS 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis 

Arrow-Hart & Hegeman maine Co., 108 
Hawthorne, Hartford 6, Con 

—— Electric Sales Corp. North- 
ake, . 

Clark Controller Co., 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N 

Cutler-Hammer — 1264 St. Paul Ave., 


Milwaukee 1, Wis 
Furnas Electric co . 1024 McKee, Batavia 
Ill 


1146 E. 152nd 


Electric Co., 
, Schenectady 5, N. x 

Micro Switch, A Div. of Honeywell, Free 
port, Ill 

Square D Co., 4041 N, Richards, Milwav- 
kee 12, Wis 

Stromberg-Carison, A Div. of Genera) 
Dynamics Corp., 117 Carlson Rd.. 
Rochester 3, N. ¥ 

Ward Leonard Electric Co., 34 South 
Mount Vernon. N_ Y. 

Westinghouse Electric Cor, Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Apparatus Sale: 


PYROMETERS 
Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., Freling- 
huysen Ave., Newark 5, 
Wheelco Instrument Div 
Co. 1403 Rock, 


Barber-Colman 
Rockford, Ill 


QUARTZ, FUSED 
Engelhard Industries Inc., 


Amersil Quarts 
Div., 685 Ramsey Ave., 


Hillside 5. N. J 
REACTORS. See Transformers 
RECORDER COMPONENTS, MAGNET 


1C. See Instruments. 


RECORDERS, COMPUTER. See Instru 
ments, Electronic 


RECORDERS, GRAPHIC 
See Instruments 


RECORVERS, OSCILLOGRAPHIC 


Sanborn Co., Industrial Div., 175 Wyman 
Waltham 54, Mass 


RECTIFIERS, SEMICONDUCTOR 


Fanstee] Metallurgical Corp., Rectifier 
Div., North Chicago, Ill. (Selenium) 
General Electric Co., Apparatus Sales 
Jiv., Schenectady 5, N. Y. (Selenium, 
Copper Oxide, industrial Germanium) 
General Electric Co. Semiconductor 
Produets, Electronics Park, Syracuse 1, 

Y. (Germanium Diodes, Germanium 
and Silicon Rectifiers). 
Hoffman Semiconductor, Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Tl 


ITT Components Div., International . - 
phone and Telegraph Corp., Boz 
412, Clifton, N. J. (Silicon) 

International Rectifier Corp., El Segunde, 


Calif. 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P, R., Indianapolis 


6, Ind, (Magnesium-Copper-Sulphide) 
Semiconductor 
Brooklyn 11, 
N. ¥. (Germanium Diodes, 
— Tarzian, Inc., 
3 


Radio Receptor Co., Inc., 
Div., 240 Wythe’ Ave., 
Selenium) 
Rectifier Div., Dept. 
> College Ave., Bloom- 
ington, Ind. 
Transitron Electronic Corp., Wakefield, 
Mass. (Silicon) 
Vickers Electric Div., Vickers Inc., 1808 
Locust, St, Louis 3, Mo 

Westinghouse Electric Corp., Gstew 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


415 WN 


RECTIFIERS, TUBE TYPE 


Amperex Electronic Cre 230 Duffy Ave., 
Hicksville, L. I. 

Amperite Co., Inc., “561 ‘Broadway, New 
York 12, N, Y 

Electrons, Inc., 
8, N. J 


127 Sussex Ave., Newark 


Jeneral Electric Co., 
Div., Schenectady 5, N, 

RCA Electron Tube Div., 
America, Harrison, N 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Apparatus Sales 
Radio Corp. of 
J. 


REGULATORS, MOTOR SPEED. See 
Controliers, Motor 


VOLTAGE. See also 
Variable Voltage. 


3512 Water, Cubs, 
561 Broadway, New 


REGULATORS, 
Transformers, 


Acme Electric Corp., 
a. & 


Amperite Co., Inc., 
Y a. 2. 
Curtiss-Wright Corp., 
Fidelity Instrument Corp.. 
ary Ave., York, P 

Electric Co., 
Schenectady 5. 
Hoffman Semiconductor Div 
Electronics Corp., 930 
Evanston, Ill 
R-B-M ‘Control’ Div., 
Logansport, Ind... 
Sola Electric Co., 4633 W. 16th, Chicago 
50, Ill 
Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 
Vickers Electric Div., Vickers Inc., 1808 
ocust, St. Louis 3, Mo 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Caristadt, N. J, 
1000 E. Bound- 


Apparatus Sales 


‘of Hoffman 
Pitner Ave., 


Essex Wire Corp., 


RELAYS and CONTACTORS 

AEMCO, Inc., 50 State, Mankato, Minn. 

A’G’A Div. of Elastic Stop Nut 

4 America. 1027 Newark Ave., Elizabeth 

J 

altos ‘& Westlake Co., 1168 N. Michigan, 
Elkhart, Ind (Mercury) 

Advance Relays, A Dept, of Elgin Na- 
tional Watch Co., Elgin, Ill, 
Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis 

Allied Control Co.. Inc., 
New York 21, N.Y 

Inc., 561 Broadway, New 
yr. (Delay Thermostatic 


2 East End Ave., 


Amperite Co., 
York 12, N. 
Metal Bulb Type) 

Anderson Controls, Inc., 9959 Pacific Ave., 
Franklin Park, Il 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Corp., 
lake, 

Automatic Switch Co., 
Florham Park, N. J 

Barber-Colman Co., 
Til 


North- 
50-M Hanover Rd., 
1803 Rock, Rockford, 
Clare & Co., C. P., 3101 Pratt Blvd., 
8349 Addison, 
Cramer Controls Corp , Box 8, Centerbrook, 
Conn 
Curtiss-Wright Corp., Carlstadt, N, J 
(Time Delay) 
Cutler-Hammer Inc., 
Milwaukee 1, Wis 
Durakool, Inc., Elkhart, Ind, (Mercury) 
E-T-A Products Co. of America, 5085 
Elston Ave., Chicago 50, Ill, 
Electro Tec Corp., South Hackensack, 


1264 St. Paul Ave. 


Filtors, Inc., 
Washington, L — 

G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J 
General Electric Co., 
div Schenectady 5 
Guardian Electric, 1627-N W. 

Chicago 12, Ill 
Hart Manufacturing Co., 
Hartford 1, Conn 
V., 234 N, Elm, Water- 


30 Sagamore Hill Dr., Port 


Apparatus Sales 
Walnut, 


211 Bartholomew 


Yonn 

Haydon Div. of Senapes Time Corp., 2533 
Elm, Torrington, Conn, 

Heinemann Electric ay 99 Plum, Trenton 
1. N. J. (Time Delay) 

Jennings Radio Manufacturing Corp., 970 
ee Ave., P. O. Box 1278, San 
Jose 8, Calif 

Kellogg Switchboard and Supply Co., 6650 
8. Cicero Ave., Chicago 38, Ill, ‘(Mag- 
netic Impulse) 

Kurman Electric Co., Div. of Norbute 
Corp., Dept, EM, 191 Newel, Brooklyn 
a © 


ay By 3 
Line a a Co., 271 8, Sixth, Newark 
8, N. J. 
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Magnecraft Electric Co., 3352 W. Grand 
Ave., Chicago 51, Ill. 

—— Electric Co., 852 8, Market, Galion, 

te . ~ one Co., 3613 Howard, 
Skokie, 

Phillips Dentvel Corp., 59 W, Washington, 
Joliet, Ill. 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co., 
Princeton, Ind. 

Price Electric Corp., 1500 Church, Frede- 
rick, M 

B-B-M Div., Essex Wire Corp., 


oft nie Tube Div. 


America, Harrison, 
Belay = Inc., on 
cago, 
Square D ee. 4041 N. 
kee 12, Wis. 
Standard Electrical Products Co., 
Third, Dayton 3, Ohlo 
@tromberg-Carison, A Div. of 
Dynamics Corp., 117 ‘Carlson 
Rochester 3, N. Y, 
Struthers-Dunn, a, 
Tung-Sol Electric Inc., 
Newar' N. J 
Universal Relay Corp., 42 White, New York 
Ward 34 South, 
Mount 
Westinghouse 
Center, Bldg. 
Pittsburgh 30, Pa 
Weston Electrical Instrument Corp., A sub, 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 
Wheelock Signals, Inc 
Ave., Long Branch, N, 
Wiegand (o., Edwin L., 
Blvd., Pittsburgh 8, 
Zenith Electric Co., 15 
eago 10, Til 


Logans- 

Radio Corp. of 
'186-B, West Chi- 
Richards, Milwau- 
2240 E. 


General 
Rd., 


Pitman, N. J. 
Klectreswitch Div., 


Leonard Electric Co., 
Vernon, N y 
Electric 
No, 8, 


“Corp.. Gateway 
401 Liberty Ave., 


273 Branchport 
‘7530 Thomas 


Pa 
2 W. Walton, Chi- 


REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors ; 
Switches; Controls, Pressure and 
Temperature 


RESINS, INSULATING. 
Compounds and Resins, 


See Varnishes, 
Insulating. 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 
Highway, Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn 


1875 McCarter 
J 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units 


RESISTANCE LINE CORDS 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance, 


RESISTORS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis, 
Amperite Co., Ine., 561 
k 12, N. Y. (Bulb 
. Div. of Glebe-Union, Ine., 
. Keefe Ave., Milwaukee 1, Wis. 
Clarostat Mfg. Co., inc., Dover, N. 
Cutler-Hammer Ine. 1264 St. Paul Ave. 
Milwaukee 1, 
Daven €o., 536 W. Mt 
Route 10, Livingston, N. J. 
= _ Resistor Corp., Electronics 


Broadway, New 


Type) 


Pleasant Ave., 
Div., 


Hardwick, 
ark 5, N : 

International ‘Resistance 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., 

nc 

Ohmite Manufacturing Co., 
Skokie, Il) 

RCA Electron Tube Div., 
America, Harrison, 

Sprague Electric Co., 
Adams, Mass. 

Square D Co., 4041 N, 
kee 12, Wis 

Stackpole Carbon Co., St. 

Texas Instruments 


Inc., 40 Hermon, New- 
401 N. 


“Indianapolis 


“Hindle, 
J 


Co., 


3613 Howard, 
Radio Corp. of 


sof Marshall, North 


Richards, Milwau- 


Pa. 
Incorporated, 6000 
Lemmon Ave., Dallas 9 as. 
Ultronix, Inc., 116 8, a Bivd., 
San Mateo, Calif. 
Ward Leonard Slectric Co., 84 South, 
Mount Vernon, N. Y 
Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Newark 5, N. J 


Marys, 


Ave., 


RESISTORS, POWER CIRCUIT 

Allen-Bradley gg 1316 8. Second, 
waukee 4, W 

Cutler-Hammer ise M 
Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. 
Route 10. Livingston, 

Erie Resistor Corp., Electronica Div., 


Mil- 
1264 St. Paul Ave., 
Ave., 


Erie, 


Pleasant 
N. 


General Electric Co., 
Div., Schenectady 5, N. Y. 
Hardwick, Hindle, Inc., 40 Hermon, 
J 


erk 5, N. J, 
International Resistance Co., 401 N. 
Indianapolis 


Apparatus Sales 


New- 
Broad, Philadelphia 8, Pa, 

Mallory & Co., Inc., P. R., 
6, Ind 

Ohmite Mfg. Co., 
Il 

Sprague Electric Co., 307 Marshall, 
Adams, ass, 


Ultronix, Inc., 116 §S, Bayshore 
San Mateo, Calif, 


North 
Blvd., 


DECEMBER 1958 


3613 Howard, Skokie, 


Ward Leonard + Co., 34 South, 


Mount Vernon, N. 
RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1816 8. Second, Mil- 
Wis 


waukee 1 
Amperite Co., Inc., Broadway, New 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dever, N. HL 
Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wis. 
Hardwick, Hindle, Inc., 


Inc., P. 
3613 


40 Hermon, New- 
R., Indianapolis 
Howard, Skokie, 
34 South, 


ark 5, N. J. 
Mallory & Co., 
6, Ind, 
Ohmite Mfg. Co., 
Ward Leonard Electric Co., 
Mount Vernon, N. Y. 


RHEOSTATS, POWER 
Allen-Bradley Co., 1316 
waukee 4. Wi 
Clarostat Mfg. Co., 
Cutler-Hammer Inc., 
Milwaukee 1, ‘is 
General Electric Co., 
Div., Schenectady 5, 
Hardwick, Hindle, 
Newark 5, N. 
National Electric 
Glenwood Ave., 
= Mfg. Co., 


CIRCUIT 
S. Second, Mil- 


Inc., Dover, N. H. 
1264 St. Paul Ave., 
Apparatus Sales 
RE, 

inc., 40 Hermon, 
” Controller 7070 
Chicago 26, 

3613 Howard, Skokie, 


34 South, 


Co., 


ward Leonard 
Mt. Vernon, N. 
Westinghouse Electric 
Center, Bidg. No. 
Pittsburgh 30, Pa, 


Electric Co., 


Corp., Gateway 
3, 401 Liberty Ave., 


RHODIUM 


Engelhard Industries, 


Inc., 
113 Astor, Newark 2, N 


Chemical Div.. 
— 


RINGS, COLLECTOR 
Electro Tec Corp. South Hackensack, 
Ergelhard Industries, Inc., D. E. Make- 
peace Div., Attleboro, Mass. 
General Dis Metals & (Controls 
Corp., 2 Forest, Attleboro, Mass. 
Midwest Molding & Mfg. Co., 123 Mutary 
Dr., Gurnee 96, Ill. 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Teledo Commutator Co., South Chestnut, 
Owosso, Mich. 


RINGS, RETAINER and SNAP 
Industrial Retaining Ring Co., Dept, EM- 
2. 57 Cordier, Irvington 11, N. J. 
National Lock Washer Co., 40 Hermon, 
Newark 5, N. J 

United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 


a 
Waldes Kohinoor, Inc., .* 16 Austel Pl., 
Long Island City, N. . 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 
25th Ave., Bellwood, 

Milford Rivet & Machine Co., 
Conn 


948 8. 
Milford, 


ROLLER BEARINGS. See Bearings, Bal! 
and Roller, 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products Div., Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ili 

Auburn Manufacturing Co., 
Middletown, Conn. 

Chicago Rawhide Manufacturing Co., 
Elston Ave.. Chicago 22, Ill 

Connecticut Hard Rubber Co., 
New Haven 9, Conn 

Dow Corning Corp., 

Enjay Co., Inc., 


306-1 Stack, 


1279 
“419 East, 


Midland, Mich. 
15 West 5ist, New York 


Electri¢ 
Ill, 
Johns- Manville, 
7800 Woodlawn 
Stalwart Rubber Co., 
Bedford, Ohio 


Co., Plastics Dept., 
Dutch Brand Products, 

Ave., Chicago 19, III. 
160 Northfield Rd., 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters 


SCRAPER RINGS. See Rings, 
and Snap. 


Retainer 


SCREW DRIVING MACHINES 
Bristol Co., Socket Div., 
bury 20, Conn. 


Screw Water 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics, 

Aluminum Co 
Pittsburgh 19, 

Chase Brass & Copper Co., 
Fy Copper Corp., 


Merkle: Korff Gear Co., 
Chicago ll. 
Milford Rivet & 

Conn. 


of America, Alcoa Bidg., 
> 
a. 


Sub. of Ken- 
Waterbury 20, 
211 N, Morgan, 


Machine Co., Milford, 


SCREWS. See Fasteners 


igh-Impact-Strength 
High Temperature 





New PHOENIX “Pemester” 


High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty... new 
‘‘Pemester”’ material gives high-impact- 
strength, dimensional stability up to 
400°F. and molds to close tolerances in 
any quantity. . . Available only from 
Phoenix in the complete “‘Customized- 
Standard” line of sizes and types— or 
to your specifications. 


Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 


PHOENIX ELECTRIC MANUFACTURING CO. 


3625 N. Halsted Street Chicago 13, Illinois 
C'rcle 301 on page 17 


FHP motors... engineered 
especially 
for your 
product 


The new RAE M-40 Series, in 3 ratings 
ot 5000 RPM. AC/DC Universal or DC 
Shunt. M-41 and M-42 rated 1/2 H.P 
M-43 and M-44 rated 3% H.P. M-45 
ond M-46 rated | H.P. Available with 
any of Rae's gear units 


motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor. 

RAE offers outstanding service and ey in a 
large variety of motors. Available in voltages up to 
250, and up to 1/2 H.P. (higher for intermittent 
duty) with many gearhead motor combinations 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers 

*Send for the ‘‘RAE'’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


| Rae MOTOR CORP. 


2009 Kewaunee Street 
Racine, 


AC DC Universal * DC Shunt Wound + 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 


Wisconsin Motors and Gearmotors. 


Circle 302 on page 17 





FASTENERS 


by 
i fehitelate] 
Reya 4 


“SEMS” 


In all types, sizes, 

materials, finishes 
to meet your 
requirements 


""KEPS’’ 


Registered Trademark of 
Iinois Too! Works 


Whatever your requirements for SEMS, 
KEPS, standard screws and bolts, National 
Lock Company will ship immediately. 
Available in a wide variety of types*, 
heads}, washers, lengths, threads, ma- 
terials and finishes, these uniform fasteners 
are quality controlled and competitively 
priced. Our sales engineers will work 
closely with you in developing special-pur- 
pose screws and bolts to meet your “specs” 


* —. (Sems) Machine, Thread-Cutting, 
(Screws) Machine, Tapping, 
Thread-Cutting, Wood 
(Keps) Standard Machine Screw 
Nut, Light Nut Series 

+ — Slotted, Phillips, Hex, 
Round, Oval, Pan, 

+ — External, Internal, 
Split-Spring, Flat 


WRITE US 


boheys a 


Ae & és 28 


‘ 


pubes 


t 


Flat, 
Fillister, Truss 
Countersunk, 


Ni NATIONAL LOCK COMPANY 


Rockford, 


FASTENER DIVISION « IHinois 


Circle 303 on page 17 








SEALING COMPOLNDS. See Cement, 
insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 430 Fairfield 
ve., Stamford, Conn, 

American Lava Corp., 
enn 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chirago 50, Ill 

L ad Route 46, Lodi, 


Electrical Industries, Div, of Philips Elec- 
tronics, Inc., 691 Central Ave., Murray 
Hill, N. J 

Fusite Corp., Dept. B-2, 

ve.. Cincinnati 13, Ohio 

General Ceramics Corp., Keasbey, N. J. 

Genera) Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y. (Glass Bushings) 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Kearfott ._ Ine., 1378 
Clifton, N. J 

Phillips ‘Control Corp., 
ton, Joliet, Til. 


Chattanooga 


Cc onstan tin & Co., 


6000 Fernview 


Main Ave., 


50 W. Washing- 


SEALS, MECHANICAL. (Rotary Shaft) 


Crane puaees Co., 6424 Oakton, Morton 
Grove 


SEALS, OIL and GREASE 


Chicago Rawhide Manufacturing Co., 127% 
ston Ave., Chicago 22, Ill, 5 
Gits Bros. Mfg. Co., 1846 8 
.. Chicago 23, Ill 
States Gasket Co., 
of The Garlock 
N. J. 


Kilbourn 


Plastics Div 
Packing Co., Camden 


SELENIUM RECTIFIER. 
Semiconductor 


See Rectifiers 


SEMICONDUCTOR PRODUCTS. See Rec- 
tiflers, Semiconductor; Transistors and 
Crystal Diodes 


SERVOMECHANISMS (Controls, Syn 
ehros, ete.) Also see Motors. 


Clifton Precision Products Co., Ine., 
Clifton Heights, Pa. 

Diehl Manufacturing Co., Electrica] Div 
of The ier Manufacturing Co., Som 
erville. N 

Inland Motor Corp., Dept. B, 23 
Washington Ave., Pearl River, N, Y 

Kearfott Co., Inc., 1878 Main Ave., Clif- 

Manufacturing Co., John, Avionic 

. Racine, 8 
—s Co.. Div. 


of Electro- Devices 
4 Godwin Ave., J 


Paterson 1, 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camder 
LN. Z 


SHEAVES. See Drives. Belt 


SHEET METAL FABRICATORS 
a BP, att Chews Ave., N. W., 
. ich. 

Esco Engineering Co., P.O, Bor 184, 
Broadview, Ill. 

Hoffman Engineering Corp., Dept. EM-9). 
Anoka, Minn. 

Keystone Mfg. Co.. 28358 Sherwood Rd., 
Warren. Mich 

Kirk & Blum Manufacturing Co., $122 
Forrer, Cincinnati 9 hio 

SHEETS, ELECTRICAL. See Steel, lec 


trical 


SHIELDS, ELECTRON TUBE 
Magnetic Metals Co., Hayes Ave 
Camden 1, N 

Magnetics In 


at 2ist 
Box 391, Butler, Pa 
SHIPPING SERVICES 
United Air Lines, Cargo Sales Div., 36 8 
Wahash Ave Chicago 3, Ill 
SIGNAL DEVICES 
Crouse-Hinds Co., Syracuse 1, 
Wheelock Signals. Inc., 273 
Ave., Long Beach, N. J 


N. Y, 
Branchport 


SIGNAL 
Lights, 


LIGHT ASSEMBLIES. See 
Pilot and Indicater 


SILICON DIODES. 
Crystal Diodoes 


See Transistors and 


SILICONES 

Auburn Manufacturing Co., 
Middletown, Conn. 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 

Dow Corning Corp., Midland, Mich 

General Electric Co Silicone Products 
Dept., Waterford, N. Y 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, I! 

National Vulcanized Fibre Co., 
ton 99. Del. 

Natvar Corp., 207 Randolph Ave., 
bridge, N 

Tavior Fibre Co.. Norristown 87, Pa. 

Union Carbide Corp., Silicones Div., 292 
Madison Ave., New York 17, N. Y. 

Vartiex Corp., 309 N. Jay, Kome, N. Y. 


306-1 Stack, 


Ill 
Wilming- 
Wood- 


SILVER and SILVER ALLOYS. See air 
Contacts and Comtact Points, For Solder 
see Brazing Alloys, Silver. 

Brainin Co., C, 8., 318 Washington, Mr 
Vernon, N. Y¥ 

Deringer Metallurgical Corp., 8111 Mor 
ticello Ave., Skokie, 

Industries, Inc., American 


Engelhard 231 N. J. Bal 


Platinum & Silver Div., 
round Ave,, Newark 5, N. 
Fansteel Metallurgical Corp., 
caxo i 
General Plate Div., 
Corp., 1912 Forest, 
— & Harman, 52 Fulton, 


North Chi 


Metals and Controls 
Attleboro, Mass 

New York 
esaitory & Co., Inc., P. R., Indianapol!s 


6, Ind 


SLEEVE BEARINGS. See Bearings ani 


Bushings. 


SLEEVE, 
and Sleeving, 


SATURATED. See Tubing 


Braided Fabric, 


SLEEVING and TAPE, ASBESTOS 
Manufacturers Corp., 565 W. 
Chicago 6, Ill 
New York 16, 


Insulation 
Washington Bilvd., 

Johns-Manville, Box 14, 
a = 


SLIDE ASSEMBLIES 
Chassis-Trak Inc 525 8 
dianapolis, Ind 


Webster, Ir 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J 
See Rings, Collector 


SLIP RINGS 


SLOT INSULATION. See Fabrics, Insu 
lating: Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric. 

See Commutator Saws 


SLOTTERS, MICA. 


and Slotters 
SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 133 Sheldur 
Hartford 5, Conn 


SOCKETS and ADAPTERS, RADIO, x 
Plugs and Receptacies 


SOCKETS and RECEPTACLES, LAMP 

Arrow-Hart & Hegeman Electric Co., 10 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 
lake 

Circle F Mfg. Co., Trenton 4, N. J 

Dialight Corp., 44 Stewart Ave., 
lyn 37, Y 

Generai 
rials Div 

United States Gasket Co 
of The Garlock Packing Co., 
N, J 


North- 


Brook 


Electric Co., Construction Mate 
Bridgeport 2, Conn 

Plastics Div 
Camden | 


SOCKETS, FLUORESCENT. See Fluore 
cent Lamp Auxiliaries 


SOCKETS, VACUUM TUBE 

Amphenol Electronics Corp., 
Ave., Chicago 50, Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, re 

United States Gasket Co., 
The Garlock Packing Co., 
N. J 


1530 SB. S4tn 


Plastics Div. of 
Camden 1, 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20, Conr 
Essex Wire Corp., Wire and Cable Dir 
Fort Wayne, Ind 
General Electric Co., 
Div., Schenectady 5, 
Handy - Harman, 82 Palen: 

38 Y 


ppperaten Sales 
= 


New York 

Kester ‘Bolder Co., 4209 Wrightwood Ave 
Chicago 39, TL 

Chemical Co Ine., 1537 

Melrose Park, Il! 


London Nortt 


3ist Ave., 


SOLDERING EQUIPMENT 
(irons, Machines, ete.) 
General Electric Co., 
Schenectady 5, N 
Vulcan Electric Co., 


Apparatus Sales Div., 
Y 


Danvers 2, Mass 


SOLDERLESS CONNECTORS. 


nectors, Wire and Cable 


See Cor 


SOLDER PRE-FORMS. 
Alloys, Silver. 
Handy & Harman, 82 Fulton, 
ee 


See also Brazing 


New York 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill. 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill 

London Chemical Co., 1537 N, 
Melrose Park, Ill 


Sist Ave., 


SOLENOIDS 


Allen-Bradley Co., 
waukee 4, Wis 


1316 8. Second, Mil- 


ELECTRICAL MANUFACTURING 





9959 Pacific Ave., 


North- 


iderson Controls, Inc., 

Franklin Park, 11) 

Electric Sales Corp., 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J. 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif 

( eT wee Co., 3349 Addison, 

l 


Co, of America, 9551 
Schiller Park, Il. 
Inc., 1264 St. 


Chicago 


Controls 
Ave., 

Cutler-Hammer, 
Milwaukee 1, 8 
Pittsburgh 22, Pa. 

Detroit Coil Co., 2435 Hilton Rd., 


9 
3424 Milwaukee Ave., 


Soreng 


Paul Ave., 


Detroit 

2 ie 

Dormeyer Industries, 
Chicago 41, 
General Electric Co., 
Div., Schenectady 5, } 

Guardian Electrie, 1627-N Ww. 
Chicago 12, Ill 

Leland, Ine., G. H., 

Ohio 


Apparatus Sales 


Walnut, 
123 Webster, Dayton 


Oak Mfg. Co., 
Chicago 10, I 
Phillips Control Corp., 
Joliet, IN, 
R- 2 " Div., 


1260 N. Clybourn Ave., 


59 W. Washington, 
Essex Wire Corp., 


Box 186-B, West Chi 


Logans- 


In 
Relay “Sales Inc., 
I. 
P. O. Box 1124 Culver 


Struthers-Dunn Inc., Pitman, N. J. 
Sylvania Electric Products, Inc., Ipswich, 


Mass. 
Westinghouse 


Electric Corp., Gateway 
Center, Bldg. N 


o. 3, 401 Liberty Ave., 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 

For Motorized Units, see Motors 
Bowmar Instrument Corp., 2415 Pennsyl 
vania Ave., Ft. Wayne, Ind. 
Century Electric Co. . 1806 Pine, St. 
3, Mo. 
Eaton Mfg. Co., 


Louls 
Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 
General Electric Co., Apparatus 
Div., Schenectady 5, N. Y¥ 
Janette Electric Mfg. Co., 
Ill. 
Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, I 
Metron Instrument Co.. 
Col 


Morton Grove, 


4802 W. 


457 Lincoin, Den- 


ver 3, 0. 
Keeves Pulley Co., Columbus, Ind 


SPRINGS, COIL and FLAT 


American Steel & Wire Div., U, 8 
Corp.. Rockefeller Bidg.. Cleveland 
Ohio 
Associated 

B-G-BR Di 


Steel 
13. 


Conn 
Corp.. 


Spring Corp., Bristol, 
iv., Associated Spring 
Plymouth & Ann Arbor, Mich. 
Barnes Div., Wallace, Associated 
Cerp., Bristol, Conn, 
Chatillon & Sons, John, 85 Cliff, New 

York 38, N. Y 
Dudek & Bock Spring Mfg. Co., 4016 W. 
Grand Ave., Chicago 51, Ill 
Dunbar Bros, Div., Associated 
Corp., Bristol, Conn. 
Gibson Div.. William D., 
Spring Corp., 1800 Clybourn Ave., 
Co., 


ago 14, Ill 
Old Pena 
Pa 


Gibson Electric 
Highway, Delmont, 
22 Spring Ave., Lane- 
244 Ber- 


Hunter Spring Co., 
(Beryl- 


aale, Pa 
North 


Spring 


Spring 


Associated 
chi- 


Wm. 


Instrument Specialties Co., Inc., 
gen Bivd., Littlé Falls, N. J 
lium, Copper) 
Lewis Spring & Mfg. Co., 2646 W. 
Ave., Chicago 47, lll. 
Manross & Sons Div., F N.. 
Spring Corp.. Bristol, 
Milwaukee Div.. \ ammenion Spring Corp.. 


Associated 


Associated Spring Corp. 

0 

Div., 

. Corry, Pa. 

Beaboard Pacifie Div.. Associated 
Corp.. Gardena. Calif. 


Associated Spring 


Soring 


STAINLESS STEEL. See Steel. Commer- 


cial Forms and Grades 


STAMPINGS, METAL 


Auburn Manufacturing Co.. 
Middletown, Conn. 

B-G-R Div., Associated Spring 
Plymouth & A . Mich. 

Barnes Div., Associated Spring 
Corp.. Bristol, 

Barnes-Gibson-Raymond Div.. Associated 
Spring Corp., 40300 Plymouth Rd., 
Plymouth, Mich 

Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20, 


8111 Mon- 
4016 W. 


300-I Stack, 


Corp. 


sonn. 
Deringer Metallurgical Corp., 
ticello Ave., Sko@e, Ill. 
k Spring Mfg. Co.. 
. Chieago 51, Il. 
Div.. Associated Spring 


._ Conn. 
Resistor Corp., Electronics Div., 


Associated 
Ave.. 


Kenilworth 1. N. J 


.. Erie, Pa. 

William D.z. 

pring .. 1800 ybourn 
Chicago 14, Ill. 

Heyman Mf. Co.. q 

Kirk and Blum Manufacturing Co., 3122 
Forrer. Cincinnati 9, Ohio. 

—— Shim Co., Ine. 4808 Union, 


en ° onn. 
Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Til. 


DECEMBER 1958 


402) | 
Associatec | 


Malev Tool and Manufacturing Co.. 
W. Lake. Chicago 24 . 

Manross & Sons Div., N., 
Spring Corp., Bristol, Conn. 

Merkle-Korff Gear Co., 211 
Chicago 7. Il. 

Milwaukee Div.. Associated Spring Corp 


Milwaukee, Wis. 
Mohawk Mfg. Co., Middletown, 
(Threaded) 
Ohio Div., Associated 
Raymond Mfg. Div.. 
Corp., Corry, Pa. 
Seaboard Pacific Div.. 
orp... 
Sylvania Electric Products, 
ro wr ted New York 19 
ar Carr Fastener Corp.. 


N. Morgan 


Conn 


Spring Corp. 


Associated Spring | 


Dayton, Ohio. 
Gardens, Calif 
Inc., 


* Cambridae 


STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co.. 306-I Stack 
Middletown. Conn. 

Continental-Diamond Fibre, A Sub of Th: 
Budd Co.. Inc., Newark 18, Del. 

Fryling Mfg. Co.. Erie, Pa 


STARTERS. FLUORESCENT. See Fluo 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. See Controllers 
Motor. Push Button Stations. 


STEATITE. See Ceramics 


STEEL (Commercial Forms and Grades) 


Enameling 
Mtainless 
Cold Rolled Only 
Sheets and Strips 
Tubing 

(See also 


(T) 
Steel, Electrical) 


Newport. Ky 
Oliver 


Acme-Newport Steel Corp., 


(ADES) 
Allegheny Ludlum Steel 
Bidg.. Pittsburgh 22, Pa. ( 
American Steel & Wire Div., U. S. Steel 
pi Rockefeller Bidg., Cleveland 18 
0 


(NS) 

Barnes Div., Wallace, Associaied Spring 

Corp.. Bristol, Conn. (8-CO) (Sprin 

Carpenter Stee] Co., 115 W. Bern, Read- 
ing, Pa. (S- orig © 

Chase Brass Co., Sub. of 
} nage Coneer” "ee. Waterbury 20 

Columbia-Geneva Steel Div., U. S. Steel 
Corp., San Francisco, Calif. 

Driver Co.. Wilbur B., 1875 McCarter 

N. J. (Stainless 


Laughlin Steel Strip 
-.  Youngstow Ob: 


Corp.. 
NS 


Corp.. 


Stainless 
Detroit 34, 


Laughlin Steel 
Steel Div.. P.O, Box 
Mich. (BNS) 
National Tube Div., U. 8S. Steel Corp., 
Pittsburgh, Pa. 
Tennessee Coal & ne Div., U. 8S. Steel 
Corp..  —. 
v. Corp.. 525 “William Penn PI 
Pittebureh 30. Pa. (S-ACDN) (T-ACN) 


Corp.. 
4606, 


STEEL. yn gt bs a (Silicon) 
ps 


(Sheets and Str 
Acme-Newport Steel Corp., 
Allegheny Ludlum Steel Corp.. Oliver 

Bidg., Pittsburgh 22. Pa. 

Armco Steel Corp., 1378 Curtis. Middle 
Corp.. 


town, Ohio 
Dept, 5926, 1441 
Republic Bidg., Cleveland 1 


Republic Steel 
S. Steel Corp.. 525 Williem 
Pl., Pittsburgh 30, Pa. 


Newport. Ky 


v. “Penn 


See Grips and 


RELIEFS. 
Strain Rellef. 


STRAIN 
Clamps. 


STRIPPERS, WIRE 
Artos wag a Co.. 2737 28th 


Milwaukee 7, 
Eraser en Inc., 1668 8. Clinton, Syra 
445 


8 


cuse 
Holub Industries, 

more, Ill. 
Londcn Chemical Co., 

Ave., Melrose Park, 


Elm. Syca 


1537 N. Sle 
(Solvent) 


Inc., 


Inc... 
m 


STRIPS, BLOCKS and BOARDS. 
TERMINAL 


AMP 
Bivd.. 
“ae 


Incorporated, 5284 Eisenhower 
Harrisburg. Pa. 


Lava Corp... 


Bushenen Monrionl Eroduets 
Route 22. Hillsi N. J. 
Burndy Corp., 


Norwalk. 
} in. 
Curtis Development & Mfg. Co.. 3266 
N. 88rd. Milwaukee 6, Wis. 
Cutler-Hammer, Inc., 1264 St. Paul Ave. 


Milwaukee 1. 
211 Bartholomew 


is. 
Hart Manufacturing Co., 
Ave.. ay \ Conn, 
owar inch Mfg. Corp. 
Chicago 24. Ill. 
Ii. 


Jones Div 
Molex Products Co., Brookfield, 
hd America, Clifton Bivd.. 


of General 
‘Carlson Réd., 


28 Butler, 


Plastics Div. 
Co., Camden 


" Chattanooga 5 
Corp.. 225 


‘Gmmacn’ Div.. 


Div. 
117 
Ine. , 


Gasket Co.. 
Packing 


United States 
¢ Garlock 


Associated Spring | 
1740 | 


WIDEST 
RANGE OF 


PRECISION 
FILM CAPACITORS 


wero Foi 


The widest range of 
time-tested stabilized precision capaci- 
tors available with polystyrene, polyethylene, teflon, 
and mylar plastic film dielectrics. Designed for critical appli- 
cations. FC! Capacitors have high insulation resistance, low 
power factor and dielectric absorption. Low Current, High 
Voltage Power Supplies From 2KV te 30 KV. 


Write for FREE CATALOG showing 
complete line. 


FILM CAPACITORS, INC. 


34065 PARK AVENUE - NEW YORK 56, N. Y. 


Circle 304 on page 17 
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Circle 305 on page 17 


) FIN 








ELECTRICAL 


CONTACTS ‘ 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 





| Ree also 


| Allen Bradley Co., 1316 


Automatic Switch Co., 











for your specific design problems 
"Reg. 


LAMINATED AND INLAID METALS 
US METAL PRODUCTS FOR ELECTRICAL MANU 


C. S$. BRAININ C0. 


318 Washington Street, Mt. Vernon, N. Y. 


Circle 306 on page 17 


‘THIN VERSATILE DUCTILE 
NETIC CO-NETIC FOIL 


Aids Miniaturization & Reliability . . . Cuts to Any 
Shape with Scissors . . . Wraps like Tape . . . Shields 
Both High & Low Frequencies at Low Intensities 


One or more layers are readily 
applied and their effects observed, 
permitting engineer to determine 
optimum location and number of 
layers needed for adequate shield- 
ing. Can be trimmed to any 
dimension or outline with ordi- 
nary scissors. Easily formed by 
hand. Dead soft; does not spring 
back into original position after 
forming. Aids miniaturization by 
reducing shielding bulk and by 
making possible crowding com- 
ponents closely together. 
15” wide Co-Netic foil is non- . 
shock sensitive, pit apereneey 
does not require periodic anneal- 
ing and joan sce low level fields. When used with 1934” wide 
Netic foil, higher ratios of attenuation for relatively intense fields 
are achieved. Both foils are immediately available from stock in 
004” thickness in continuous rolls up to any length desired. 
These versatile light weight time-saving foils open up a whole 
new shielding concept in laboratory, air borne, electronic, 
electrical and shielded room applications. Write for complete 
details today. 


MAGNETIC SHIELD DIVISION PERFECTION M A COMPANY 
1322 No. Elston Avenue, 


Originators of Permanently Effective Netic Co-Netic Magnetic Shielding 


Chicago 22, Illinois 


Circle 307 on page 17 


| Eagle Signal Corp, 


} Electrosnap Corp., 


| Furnas ee ~ 





SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) 
(Snap- Action) 





Canopy and Fixture 


Heater (Series Multiple) 
Jack, Key and Lever 

Panel 

Snap (Toggle, Slide. 
Rotary) 


Remote 

Selector 

Through Card 

Coaxial 

Motor Speed Control 
otary 


Control 


(Snap) 


Coin 
Push Button 
Circult Breakers; 


Stations; Controllers, 
Timers 


Push 
Motor; 


Button 
Relays; 


AEMCO. Inc., 50 State, Mankato. Minn. 
(GR 


& Westlake Co.. 1168 N. Michi 

. Elkhart, Ind. (D) 

S. Second, Mil- 
waukee 4. Wis. (ACEFIJPR) 

Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 
Anderson Controls, Inc., 9959 Pacific 

Franklin Park, Ill 
Arrow-Hart & Hegeman Electric Co.. 108 
Hawthorne, Hartford 6, Conn, (ACDHK 
MPRT) 
Automatic 
lake, Ill 


Ave., 


Electric Sales Corp.. 
(BCDGHLNRSTVW) 

50-M Hanover Rd., 
(CHR) 


North- 


Park. N. J 
. Div. of Globe-Union Inc., 962M 
Ave., Milwaukee 1, Wis 


Electrical 
aay Rd., 
(BW 

circle * Mite Co., 
(KPW 


clare te bo. - C. P 
Chicago 45. Ili 
Clark © ontroller oa 0., 


Products 
Highland 


Corp., 1650 
Park, Ill. 


Trenton 4. N. J 
Blvd 
Cleve 
Addison 


. 3101 Pratt 
(sw) 


1146 E. 152nd. 
) 
3349 
. Of America, 
. Schiller Park, Ml 
Controls Corp., 


. Conn. (C) 
Crouse-Hinds Co.. 
(DP8V) 


9551 Soreng 
(ABELPS) 
x 8. Center- 


Syracuse 1, N. Y 


Curtiss-Wright Corp., Carlstadt, N. J. (F) 

1264 tas Ave.. 
(EGLPW 

- Mt mm 

10. Livingston, N. J. (S 

Detroit Controls Corp., Div. of American- 

Standard. 590 ‘Trumbull Ave., Detroit 

8, Mich. (BEFJXY) 

Durakool, Inc., Elkhart. Ind. (D) 

202 20th. Moline, Ill 
Switch Div., 4238 W. 
Lake, Chicago 24, Ill. (BNOPSVWY) 
Electro Switeh Corp... Weymouth 88. Mass 

(HPRS 


1024 McKee, Batavia 


Ave.. 


Tl. (ABCEF 
G-V_ Controls. 7. 
East Orange. N. J. 
General Electric Co., Construction Ma- 
terials Div.. Bridgeport 2, Conn. (8S) 
General Electric Co.. Apparatus Saies Div 
Y. (ABCDEFGHIJK 


Guardian Electric, 1627-L W. Walnut, 
Chicago 12. Ill. (CFGIIN) 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn. (MOPRST) 
Haydon Div. of Genera] Time Corp., 2531 

Elm. Torrington. Conn. (G) 
Heinemann Electric Co., 99 Plum, Tren 
ton 3. N. J. ( 
Hetherington, Inc... 
Sharon Hill. Pa 
Jennings Radio Manufacturing Corp., 970 
eg a Ave., P. O. Box 1278, San 
Jose 8. lif. 
Kellogg Switchboard and Supply Co.. 6656 
8. Cicero Ave.. Chicago 38, Ill. (8S) 
123 Webster, 


8 Hollywood Plaza 
(FG 


1200 Elmwood A've 


(Crossbar) 


Leland, Inc., G. H., Daytor 


P. R., Indianapolis 


WY) 

Mechanical anes Production Co., 211 
Ash, Akron 8. Ohio 

Micro Switch, A Div 


of Honeywell, Free 
port, Til (BDFLSW) 
Miller-Harris Instrument Co., 611 E. Og- 
den Ave., Milwaukee 2, Wis. (G 
— Electric Co., 852 8. Market. Galion 
) 


ihio 
Oak Mfg. Co.. 1260 N. Clybourn Ave., Chi- 
(NWZ) 
Skokie 


cago 10. Til. 
Ont. (NS) Co.. 3613 Howard, 


1-M Div., Essex Wire Corp., Logans- 


n 
’ ; Bales Ine.. Box 186-B, West Chi- 


giteer DBiv., Metals & Controle Corp., 
3612 Forest, Attleboro, Mass. (EF 
Square D Co., 4041 N Richards. Milwau- 
kee 12, Wis. (ABCEFLO 
Stackpole Carbon Co., St. ors. Pa. (P) 
Stromberg-Carlson, A Div. of General Dy- 
panics SetD.. 117 Carlson Rd.. Rochester 


Struthers-Dunn, Inc.. Pitman, N. J. 
Switchcraft, Inc., 5539 N. Elston Ave., 
Chicago 30, Til. (N) 
Tabet Manufacturing Co., 1336 Bal- 
lentine Bivd., Norfolk, ve “ww) 
be Engineered ) 
Monroe, Bedford, Ohio £& 
Unimax Switch Div. L. Ma 
Wallinetord, Coan. 


xeon 
Corp., Ives Rd., (D) 


Co., 34 South, 
. (CGHOR) 
Westinghouse, _o Bg es -~w 
enter, dg. . » 
Pitebargh 30, Pa. (ABCDEFGHLOPS) 
Zenith Electric Co., 152 W. Walton, Chi- 
cago 10. Ill. (HR) 


Ward Leonard Electric 


SYNCHROS. See Servomechanisms. 


TACHOMETERS 

D & R Ltd., 402 E. Gutierrez, 
Box 1500, Santa Barbara, Calif. 

Genera! Electric Co., Apparatus Sales Div.. 
Schenectady 5, ! 

Metron Instrument Co., 457 
ver, Colo 

Reliance _ Electric «& Reatncering Co.. 
Dept. 2712-A, Cleveland 17, Ohio 

Slectrical lustrument Corp., 

wy P Daystrom, Inc., 614 Frejing- 

huysen Ave., Newark 5, N. J. 


P. 0 


Lincoln, Den- 


TAGS, TERMINAL 

National Band & 
9-254, Newport 

Natvar Corp., 207 
bridge. N. J 


Bos 
Wood- 


Tag Co... P. O 


Ky 
Randolph Ave.. 


TANTALUM 
Fanstee] Metallurgical Corp.. 


. Inc.. P. B.. 


North Chi- 


Indianapolis 


TAPE. ADHESIVE and COIL 
FASTENING 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6. IIL 

Johns-Manville. Dutch Brand Products. 
7800 Woodlawn Ave Chicago 19, Ill. 

Minnesota Mining & Mfg. Co., Electrica) 
Products Div., wuler Ave., St 

Minn 


900 Fauc 
Paul 6. 


FRICTION and SPLICE 
Mapefacturers Corp.. 
Bivd., leago &. 
Minnesota Mining & Man- 
Argyle Terrace, Ir- 


TAPE. 
Insulation 
Washington 
Irvington Div. 
Sa Co.. 9 
ngton 11. N. J 
Johne- Manville. Box 14, New York 16. 
Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, 
Minnesota Mining & Mfg. Co., Electri 
Products Div., 900 Fauquier Ave.. 
Paul 6, Minn 


TAPE, INSULATING. See Fabrics. In- 
sulating; Sleeving and Tape, Asbestos, 
Tape, Friction and Splice: Tape and 
Sheeting. Synthetic Resin. 

TAPE. MAGNETIC RECORDING. Bee 
Magnetic Recorder Components. 

TAPE, MICA. See Mica 


SHEETING, 


565 Ww 


TAPE and SYNTHETIC 


RESIN 

Borden Co.. Resinite Dept.. Santa Bar 
bara. Ca 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13. Del. 

du Pont de Nemours & Co a. 2. 
Plastics Div.. Rodealee Dest. wil- 
mington 98, Del. 

Insulation Manufacturers Corp.. 565 W 
Washington Bivd.. Chicago 6, TIL 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace. 
Irvington 11. N 

Minnesota Mining & Mfg. Co., Electrical 
Products es 900 Fauquier Ave.. St. 
Paul 6. Min 

Natvar Corp., 207 Randolph Ave.. Wood- 
bridge 

New Jersey 
trical Insulation 


Wood Finishing Co., Elec- 
Dept.. Woodbridge. 


Plastics Div. 
Camden 1, 


United States Gasket Co.. 
of the Garlock Packing Co., 
N. J. 


TAPES, MEASURING 
Keuffel & Eeser Co.. Hoboken, N. J. 
TELEPHONES 
Crouse-Hinds Ce., Syracuse 1, ¥. 
Kellogg Switchboard and Supply ‘Co., 6650 
8. Cicero Ave., Chicago 88, Il 
National Pneumatic Co. Inc., Holtser- 
Boston 19. 


Cabot Div.. 125 Amory, 
asa. 
Stromberg-Carlson, A Div “ aemeeel 
Dynamics Corp... 117 Carlson 
chester 8. ¥. 


TEMPERATURE CONTROLS. See Con- 
trols, Pressure and Temperature: Relays: 
Switches: Thermometers: Thermostats. 


TERMINAL BLOCKS. See Strips. 
TERMINALS. See Lugs and Terminals. 


TESTING CHAMBERS. See Chambers. 
Test. 


TESTING 
ments. 


TESTING LABORATORIES 


Inland Testing Laboratories, Cook Tech- 
galegtenl Center, 6401 Oakton, Morton 
ove, Ill. 


INSTRUMENTS. See Instru- 
Also Tools. Portable. 


THERMAL SWITCHES. See Switches. 


THERMISTORS 

General Electric Co.. 
ucts Dept.. 11131 E 
troit 32, Mich. 


Se gw Prod- 
. 8 Mile Ave.. De- 
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Dress Up Your Products 
with these 


NEW 
KNOBS 








STRAIN | 
RELIEFS 





© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


ee ae tee ae Low cost, easily installed 

Featuri te serts . 

uaa" daa | GRIPMASTER Strain Reliefs 

brass, gold. In a variety of | anchor cords and cables at point of 
thermosetting —_ materials, entry and positively prevent loosening 
both phenolic and urea. of the conductor at the terminals. Solve 
Send for details. . # | your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 


ROGAN BROTHERS ye power! Underwriters accepted. 


8027 N. Monticello * Skokie, Il. 
Circle 308 on page 17 FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 











. ‘ r GRIPMASTER ALL-METAL TYPE 
Reprints now available ——, Slight pressure permanently positions 


this one-piece type. The strain relief 
forms a smooth metal band which is 


on lra Ritow’s firmly locked in a tenacious grip about 


the cable. 


practical guide to GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 


Slide-Rule | ase sot 
Ma th ema ti cs "a GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
This two-part article, concluded in the April holding the cable in a vise-like grip. 
issue, offers a really practical treatment of the 
theory and use of the engineer's prime com- Eee - ' 
puting instrument, the slide rule. It includes . _GRIPMASTER WIRE 
well illustrated instructions for the use of all BINDING SLEEVES -~ 
conventional slide rule scales and the circular Prevent the fraying of 
rule. cord ends. Specially treat- 
; ed rubber tubes available 


Reprint copies of the complete article are avail- oo an 2 


able at $1.00 each; in quantities of five, 90 cents ; CALL OR WRITE TODAY, FOR NEW 


each; in quantities of twenty-five, 75 cents each. a 
Send remittance, adding 3 per cent for New York a Aa Sere: GUE 


City delivery, to Reader Service Department, The GEORGE WALKER COMPANY 


Gage Publishing Company, 1250 Sixth Avenue, 
New York 20, N. Y. : «EXCLUSIVE or te Se te 
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lights a sign... 
clangs a bell! 


Millions of bowlers know 
the unerring accuracy of this 


MILLER-HARRIS 
Automatic Timer Control 


designed for the famous 
BRUNSWICK-BALKE- 
COLLENDER 
“TEL-E-FOUL"” System 


You've seen this Miller- 
Harris timer in most bow!l- 
ing olleys. If your foot 
crosses the foul line, a foul 
sign lights up and oa bell 
starts clanging. This timer 
shuts off the bell after 3 
seconds ond turns off the 
sign after 10 seconds. 
Don Carter, member of 
the Brunswick Advisory 
qs of Bowling Chom- 
pions, demonstrates his 
flawless bowling form. 


30 BASIC MODELS 


of MILLER-HARRIS TIMERS 


offer Better Timing for Your Product too! 





© Hundreds of adaptations from existing units 
* Complete engineering service 


* Volume production — Speedy delivery 


Got a timer control problem? For a 
fast, low-cost and correct solution, let 
Miller-Harris specialists put their years 
of experience to work for you. Miller- 
Harris controls are standard equipment 
on many of America’s best known, 
best-selling products. 

Whether you need a “standard” or 
“special” timer, you'll find many qual- 
ity and cost-saving advantages in the 
bigger, better selection of Miller-Harris 
time controls. 

Write or call today! We’ll be glad to 
discuss your timer needs, at no obli- 
gation. 


Model 116 
Monvol set 
intervol timer 


Model 110 
Push-button operated. 
Fixed time cycle. 


Model 100 
Panel mounting time: 


Many other types of timers available. Send 
for illustrated Miller-Harris brochure. 


MILLER-HARRIS INSTRUMENT CO. 


611 EAST OGDEN AVENUE ° MILWAUKEE 2, WISCONSIN 
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Victory Engineering 
; ; 


109 Spring- 
fleld Rd.. 


Corp., 
Union, N. J 


THERMOCOUPLES 


General Electric Co.. 
Schenectady 5 
Rockbestos Products. Corp.. 


Apparatus Sales Wiv.. 
New Haven 4, 


Westinghouse 
Center, Bldg 
Pittsburgh $0. 

Weston Electrical Instrument Corp., 
sub. of Daystrom Inc., 614 aad 
huysen Ave.. Newark 5, } 

Wheeice Instruments Div.. Barber-Colman 

Rock, Rockford. 1 


Electric Corp., Gateway 


_ 3. 401 Liberty Ave.. 


THERMOMETERS 

Weston Electrical Instrument Corp.. ub 
of Daystrom Inec.. se Se 
Ave.. Newark 5. N. 

Wheelco Instruments Div.. Barber-Colman 
Co., 1403 Rock, Rockford, I! 


THERMOPLASTIC WIRE. See Wire and 
Cable. insulated 


THERMOSTATIC BIMETALS 
Brainin Co. C. S., 318 Washington, Mt 
».. W. M., 1608 Beard Ave., De- 
troit 9. Mich 
Engelhard Industries, Inc.. H. A. Wilson 
ae U.S. Highway No. 22, Union, 


General Plate Div.. 
Corp., 1912 Forest, 


Metals and Controls 
Attleboro, Mass. 


THERMOSTATS 


Barber-Colman Co., 1803 Kock. Kockford, 


Curtis Development & Mfg. Co.. 8266 N. 
33rd. Milwaukee 6. Wis. 
Curtiss- Wright Corp., 
G-V Controls, Inc., 
East Orange. N. 
General meaerte Co. 
Schenectady 5, 2} 
Hart Manufacturing Co.. 211 Bartholomew 
Ave.. Hartford 1, Conn. 
Mechanica! Industries Production Co., 211 
kron Ohio. 


Caristadt. N 
Hollywood Pian, 


“Apparatus Sales Div 


Ash, 
Spencer Div., *imctats & 
3612 Forest, Attle! 
Stevens Mfg. Xe. 
Mansfield. 
Still-Man 
E. 164th. New York 
Torq Engineered 
Monroe. Bedford. Ohio. 
Ulanet Co.. George, 420 Market. 


N. J. 
Westinghouse Electric 
Center. Bldg. No. 8, 
Pittsburgh 30. Pa. 
Wheelco Instruments Div... 
Co.. 1408 Rock, Rockford 
Wiegand Co.. Edwin a 7580 

Bivd.. Pittsburgh 8. 
Wilcolator Co., 1001 Newark Ave 
beth. N. J. 


Controls Corp.. 


» Mass. 
inc., Lexington ana 


" $4 W. 
Newark 


Corp., Gateway 
401 Liberty Ave. 


Barber-Culman 
Th 
Thomas 


Eliza 


TIMERS, MOTOR 
AEMCO, Inc., 50 State. 
Allen-Bradley Co., 1316 
waukee 4. Wis 
Automatic Timing 
of Prussia 6, Pa. 
Controls Co. of 
Ave., Schiller 
Cramer Controls 
brook, Conn. 
Eagle Signal 


Mankato, Minn. 
S. Second, Mil 


& Controls, Inc., 
9551 
Bor 8. 

20th 


King 


America, Soreng 
Park, {i 
Corp., 


Corp., 202 


Center- 
Moline 


Gud Electric Co., 


Schenectady 5, } 
Hansen Manufacturing Co., Ine., 
nd. 


. A. W.. 234 N. Elm. 


p Cpoaratns Sales Div., 

Prince- 

Water- 

onn 

-_ 4 Div, of General Time Corp., 2533 

Elm, Torrington, Conn. 

Industrial Timer Corp.. 1411 McCarter 
Highway. Newark 4 

Miller-Harris Instrument. Co., 611 E. Og- 
den Ave., Milwaukee 2, 3. 

Relay Sales Inc.. Box 186-B, West Chi- 
cago. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12. Wis 

Stromberg-Carison, A Div. of General Dy- 
semases Corp.. 117 Carlson Rd.. Rochester 

Struthers-Dunn. Inc.. Pitman, N. J. 

Ward Leonard Electric Co.. 84 South. 
Mount Vernon. N. 

Westinghouse Electric Corp. Gateway 
Center, Ridg. No. 3, 401 Liberty Ave. 
Pittsburgh 30 

152 W. Walton. Chi- 


. Pa. 
Zenith Electric Co.. 
eago 10, Il 


TIME SWITCHES, See Switches 


TOOLS. PORTABLE 

Barber Colman Co.. 1808 Rock, Rockford 
Ill. (Hardness Testing) 

Gardner-Denver Co.. Quincy. Tl. (Pneu- 
matic) 

Thomas & Betts Co., Ine Butler 
Elizabeth 1. N. J. (terminal “Tosis) 


TRACING CLOTH, FILM and ee 

Keuffel & Esser Co.. Hoboken 

Osalid. A Div. of General Aniline x Film 
Corp.. pt City. N. Y. 


TRANSDUCERS, PRESSURE 

Electro Products Laboratories, Inc., 4501 
. Ravenswood Ave., Chicago 40, Ill. 

Servomechanisms, Inc. Mechatro] =, 17 
Brooklyn Ave., Westbury, L. I., N. Y 


©. ee o- 429-33 
56. Y 


TRANSFORMER HOUSINGS. See Cabi 
aets. Sheet Metal. 


TRANSFER SWITCHES. See Switches 


TRANSFORMERS, ELECTRONIC 

Acme Electric Corp., 3510 Water, 

ax Products Co.. Ft, Lauderdale. Fis 

, Rhestronice & Transformer Corp 
Dept. EM-9 aledonia, 

Chicago LB ‘Transformer’ Corp., 35¢1 

Addison, Chicago 18 pare 


Co., 3349 
93 Main, Winsted 


Clybourn Ave., 


Cuba 


Dano Electric Co.. 


Conn. 
Electran Mfg m. o., 1901 
Yhicago 14, Ili 
Novhelfer Windine_ Laboratories. P © 
Box 455. Dept. EM-12, Trenton 3, N. J 
BUA Electron ks 3 Div., Sms Corp 
of America, Harrison. 
Bola Electric Co., 4633 W. “16th, Chicago 
50. I 


Standard Electrical Products Co.. 2240 E 
Third, Dayton 3, Ohio. 
ee woot 6000 
mon Ave., Dallas exas . 
United Transformer Co.. 150 Varick, New 
York 18. N. Y. 


TRANSFORMERS, BALLAST. See Fluo 
rescent Lamp Auxiliaries 


TRANSFORMERS, INSTRUMENT 
CURRENT oe : 
Acme Electric Corp., 3512 Water, Cuba 
Chicago Standard Yor tea Corp., 3501 
Chicago 18, 
Addison, Don 


Comar Electric Co., Addison. 
93 Main, 


“hicago 18, Il 
Chicago 18, f Winsted. 


~ Electric Co., 
Siectra0 Mie. Co., 1901 Clybourn Ave 
Chicago 1 I 
General Raccerte Co., 
Schenectady 5. N. Y. 
~~” Electric Co.. 4633 W. 


Apparatus Sales Div 
16th, Chicago 


Corp.. Gateway 


Electric 
Wesiinghc use Dis sie Ave 


enter, Bidg. No. 3. 401 
Pittsburgh 30, Pa. 

Weston Electrical Lastrument Corp., A sub 

of Daystrom, Inc. 14 Frelinghuysen 


Ave., Wewark 5. N. I 


TRANSFORMERS. POWER CIRCUIT 
Acme Electric Corp., 3512 Water, Cuba 


Chicage Standard Transformer Corp., 3501! 
“hi 18, . 
‘o., 8349 Addison 


Butler, Pa. 
Cutler-Hammer, Inc.. 1264 St. Paul Ave 
wi 
ae Merete : Main. Winsted. 


Dano Electric Co.. 93 
Conn : 
Dormeyer Industries, 3424 Milwaukee Ave 
Chicago 41, Ill. 
Electran Mfg. Co., 

Chicago 1 I 
General Blectrle Co.. Apparatus Sales Div.. 


~~ Milwaukee 1 


1901 Clybourn Ave 


N. ¥. 
Duty "electric Co., 


Nothelfer Windine Laboratories. P.O. Rox 
455, Dept. EM-12, Trenton 3, N. J. 
RCA Electron Tube Dis., Kadio Curp 

America, Harrison. N. we 
fols 5 Nas Co., 4633 W. 16th. Chicago 
. 2240 E 


0. 
Standard Electrical Wypteme Co.. 


ird. Dayton 3, 
United Transformer Co., 150 Varick. New 
as 6454 Plymouth 


Gateway 


fo. 
Westinghouse c 
i 401 Liberty Ave 


Center, Bidg 
Pittsburgh 50. 


TRANSFORMERS, VARIABLE 
VOLTAGE 
Acme Electric Corp., 


x. 


3512 Water, Cuba 


” Bleetric Co., 3349 Addison 
Chicago 18, a 
Electran Mfg. A 1901 Clybourn Ave.. 
icago . 
Hevi Duty Electric Co., Milwaukee 1. 
RCA Electron Tube Div.. Radio Corp. = 
America, Harrison, N. 
Standard Electrical Products Co., 2240 FE 
Third. Dayton 3. 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 
Corp., 241 Crescent, Waltham 54, Mass 
General Electric Co., Electronics pr.. 
Electronics Park, Syracuse 1, N. 
(Germanium & Silicon Transistors) 
Hoffman Semiconductor Div. of Hoffman 
930 Pitner Ave.. 


Hughes Products, Semiconductor Div., 
International Airport Sta., Los Angeles 


45, Calif. 

sagunattonsh Resistance Co.. 401 N. 
Broad. Philadelphia 8, Pa. 

RCA Semiconductor Div.. Radio Corp. of 
America. Harrison N. 

Transistor Corp , Sub 


Shockley 
1117 


man Instruments. Inc., 
Ave., Palo Alto, Calif. 
Sprague moa Co., 307 Marshall. North 


dams. Mas 
Sylvania Electric Products. Inec.. 1740 
New York 19, N. 
— Instruments Incorporated, 6000 Lem- 
on Ave.. Dallas 9, Texas 
Transitron Electronic Corp.. Wakefield 
Mass. 


of Beck 
California 
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Small in size 
 Ready-to-go 


KURMAN RELAYS 


to serve you better... 


LEADING 


DISTRIBUTORS 


FROM COAST 


TO COAST 


now carry the entire line of 


KURMAN 
RELAYS 


@ IMMEDIATE DELIVERY FROM STOCK 


@ FACTORY PRICES 


Send for complete catalog 


KURMAN 


ELECTRIC CO. 


DIVISION OF NORBUTE CORP. 
Quality Relays Since 1928 


191 Newel Street 
“6— Brooklyn 22, N.Y. 
Export: 135 Liberty St., N. Y 
Cable: TRILRUSH 
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AUit’-Cacklech 
SPEED REDUCERS 


in your product 
Quick delivery 





or less at lowspeed shaft 


Backlash only 15 minutes 





Speeds up to 10,000 rpm 
at highspeed shaft 


Up to .013 HP at lowspeed 


shaft 


Save on your design, 
production, and assembly 


costs by ordering 


these ready-to-go miniature 
components for your 


product. - 
WRITE 


for Bulletin 
#100 


DECEMBER 1958 


CLASS A— 
34 ratios 
up to 

27 to! 


CLASS B— 
49 ratios 
up to 

729 to 1 


» CLASS C— 


CLASS D—232 ratios up to 4 


531,441 to 1 (not shown) 


122 ratios 


up to 
19,683 to 1 


INSTRUMENT COMPANY 


457 Lincoln St., Denver 3, Colo. 


DISTRICT OFFICES »« NEW YORK 
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CHICAGO 


every 


ELECTRICAL 
DESIGNER 


should have a copy 


—" NEW 


Here is a new book on ROSITE, the distinctive arc- 
quenching material that is producing worthwhile 
size reductions in electrical moldings! This unique 
material often permits refinement of section and 
improvement in design in moldings for many elec- 
trical uses. 


COLD MOLDINGS — Stonelike ROSITE 
inorganic and organic compounds are first choice 
for hoods, arc chutes, and many other electrical 
applications. Strong, stable, non-carbonizing, heat 
resistant, and arc-quenching! 


HOT MOLDINGS — Now, new hot molded 
ROSITE with properties of the cold molded ma- 
terial, offers important advantages — the key to 
drastic size reductions... high speed production... 
improved strength ... unlimited design possibilities, 
Write today for new Bulletin 200. 


Send for your FREE copy! 





ROSTONE 
CORPORATION 


Engineers and Custom Molders 
2405 §. Concord Road, Lafayette, Indiana 
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Need Windings like these? 


1. Field Coil for Auto 
Starting Motor, wound 
from flat ribbon wire with 
insulation strip between 
turns. 

2,3. Small Armatures for 
fractional H.P. Motors 
and for Auto Generators 
Machine loads, winds, un 
loads.—Automatic 

4-6. Individual Coils for 
Starting Motor Arma 
tures. Machine forms coil 
& simultaneously removes 
the film insulation from 
the wire at the ends of the 
coil. 


They're easy and inexpensive 
to make on custom-designed 


~ AUTOMATIC 


COIL WINDING MACHINES 


Send samples or specifications for a 


No obligation. 


SEIFERT, INC. 


204 S. Becch St 


production cost analysis. 


10, New York 


Syracuse 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 
@ pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints ... large contact areas ... tough, 
stable Nylon insulation ... anda permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate +22 through 
#10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 
INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 
THOMAS & BETTS LTD., Montreal, P. Q., Canada ENGINEERED 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 4 
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Westinghouse Electric Corp.. 
Center, Bldg. No. 3. 401 
Pittsburgh 22. Pa 


Gateway 
Liberty Ave., 


TUBE PARTS 
tronic 


(Electronic). 
Tube Components. 


See Elec- 


TUBES, CATHODE RAY 

Dumont Laboratories Allen , 760 
Bloomfield Ave., 

General Electric Co., 
tady 5. N. Y. 

RCA Electron Tube Div.. 
America, Harrison, N. 


Tube Dept..  Schenec- 


Radio Corp. of 
J 


TUBES, ELECTRON 
Amperex Ele 
Hicksville, L 8 . 
Amperite Co.. inc... 561 
York 12, N. ¥ 
Chatham Electronics. 
Electric Inc.. Livingston, N. J 
Dumont Laboratories Allen B., 760 
Bloomfield Ave., Clifton, N : 
Electrons Inc., 127 Sussex Ave., 


(Industrial) 
tronic Corp., 230 Duffy Ave., 
N. ¥ 


Broadway, New 


Div. of Tung-Sol 


Newark 


Generai Electric Co.. Tube Dept., Schenec- 
tady 7 
Hughes * Products 
autetneeiene! 
45 alif 
RCA Electron Tube Div., 
America, Harrison. N . 
Sylvania Products, _Ine.. 
Broadway. N York 19. N 
Westinghouse Electric Corp 
Center. Bldg. No. 3, 401 
Pittsburgh 80. Pa 


Electron 
Airport Sta., 


Tube Div., 
Los Angeles 


Radio Corp. of 
J 
1740 


. Gateway 
Liberty Ave., 


TUBES, 
Glass 


METALLIZED 
Technical 


GLASS 


See 


TUBES, PHOTOELECTRIC. 
electric Cells and Tubes 


See Photo- 


TUBES, THERMOCOUPLE 
Kanthal Corp.. 3 Amelia Place 
Conn 


Stamford, 


TUBING. ALUMINUM. See 


Aluminum 


TUBING. BRASS. 
PER. See Brass 


BRONZE and COP- 
Bronze and Copper 


TUBING, FIBRE 


TUBING, 
Laminated 


See Fibre 


LAMINATED METAL 
Metals, Precious and 


See 
Base 
TUBING, MICA. See Mica 
TUBING, NICKEL and MIORes. ALLOY. 

See Nickel and Nickel Alle 


TUBING, PAPER 

Cleveland Container Co 
Ave., Cleveland 2. Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co.. Newark 13 Ye 

Paramount Paper Tube Corp., 612 Lafa- 
yette, Ft. Wayne 2. Ind 


6201 Barberton 


TUBING, SILVER. See siver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


veg Harris Mfg. Co., Conshohocken 


Beraen, Co.. Resinite Dept., Santa Barbara 
Continental-Diamond Fibre. A Sub. of The 
Budd Co.. Newark 13, Del. 
ee Manufacturers Corp.. 
Washington Bivd., Chicago 6, III. 
Irvington Div., Minnesota Mining & Mar 
ufacturing Co., Argyle Terrace, Ir 
vington 11, } 
Natvar Corp.. 207 
bridge, N. J. 
Varfiex Corp., 504 W. Court, 
Westinghouse Electric Corp 
Center, Bidg. No. 3, 401 
Pittsburgh 30. Pa 


TUBING and SLEEVING. EXTRUDED 
PLASTIC 


Borden Co.. 
Calif 


565 W 


Randolph Ave., Wood- 
Rome, N, Y¥ 

Gateway 
Liberty Ave 


Resinite Dept., Santa Barbara 


Electric Co.. Plastics 
I 

Halogen Insulator & Seal Corp., 9960 
Pacific Ave., Franklin Park, Lil. 

Insulation Manufacturers Corp., 565 W 

ashington Blvd.. Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Ir 
vington 11. N. J. 

National Vulcanized 
ton 99, Del. 

Natvar Corp.. 207 
bridge, } 

New Jersey Wood Finishing Co., Electrica! 
Insulation Dept.. Weetrtaee. N. J. 

Phalo Plastics Corp., 530 Boston Tpke., 


Shrewsbury, Mass. 
Rogan Brothers, 8027 N. Monticello Ave. 
, 900 Franklin, 


ikokie. 
as Paper Tube Co., 

Do athe Div. of 
Co., Camden 1 


Washington 181 
Rome. N. Y 


Dent 


Fibre Co., Wilming 


Randolph Ave., Wood 


United States Gasket Co.. 
The Garlock Packing 
Varflex Corp.. 504 W 


TUBING, STEEL. See Steel 
Forms and Grades 


Court, 


Commercta) 


TUNGSTEN. 
Fansteel 


See also Contacts 
Metallurgical Corp., North Chi 


cago, > 
Mallory & Co.. Inc., P. R.. Indianapolis 
6. Ind 


TUNGSTEN WIRE, PLATINUM CLAD 
Engelhard Industries, Inc., Baker ‘7 
num Div., 118 Astor, Newark 2, N. 


UNDERCUTTERS. 
Undercutters. 


MICA. Bee Mica 


vACuNe TUBES. See Tubes. Cathode 


Ray; Tubes, Electron 


valves. Steed or SOLENOID 


oP 
farm Beitch Co., 50-M Hanover Rd., 
Florham Par a 
Barber- Colman "be. "1808 Rock, Rockford. 
Controls Co., of America, 9551 
Ave., Schiller Park, 
General Electric Co., Apparatus Sales Div.. 


Schenectady 
Skinner Electric Vaive Div., 


New Britain. 


onn. 
Westinghouse 
Center, Bidg. No. 
Pittsburgh 30, Pa. 


Electric Corp.. Gateway 
8, 401 Liberty Ave.. 


VARNISHED 
Insulating. 


FABRICS. See Fabrics, 


VARNISHES. COMPOUNDS 
RESINS, INSULATING 
Acme Wire Co.. 1255 Dixwell 

Haven 14. Conn 
Borden Co., Kesinite Dept., 
bara, Calif 
Borthig Co., Inc., 
a&ve., East 


Ave., New 


Sante Bar- 
George C., 242 Paterson 


Rutherford, N. J. 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

du_ Pont de Nemours & Co., (Inc.), E. L. 
Plastics Div., Polychemlcals Dept.. 
Wilmington 98, Del 

Durez Plastics Div., Hooker Chemical 
Corp., 1312 Walck R4., N. Tonawanda, 
Mm. a 

General Electric Co., Laminated Products 
ept., Coshocton, Ohio. 

Insulation Manufacturers Corp.. 565 W 
Washington Blvd.. Chicago 6, Il. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace. Irving- 
ton 11, N. J. 

London Chemical Co., Inc., 1537 N. Sist 
Ave., Melrose Park Til. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div.. 900 Fauquier Ave., St. 
Paul 6, Minn 

Oronite Chemical Co., 200 Bush, 
Francisco 4, Calif. 

Sherwin-Williams Co 
Div., Cleveland 1, 

Union Carbide Corp., 
Madison Ave., New 

Westinghouse Electric 
Center, Bldg. No. 3. 
Pittsburgh 30 

Zophar —_. Ine., 

nm. %. 


San 
General Industrial 
hio 


Silicones Div., 292 

York 17, N. Y¥. 
Corp Gateway 

401 Liberty Ave.. 


112-130 26th, Brook- 
lyn 82, 


WAXES and COMPOUNDS 
Biwax Corp., 3443 Howard, Skokie. Ill. 
Dow Corning Corp., Midland, Mich 
General ve Co... ~ ren Products 
Dept.. Coshocton, 
Mtinnapete. Mining & Mfg. Co., 
Products Div., 


Electrical 
900 Fauquier Ave., St. 


112-130 26th, Brooklyn 


Paul 6, Minn. 
Zophar Mills, Inc.. 
82. N. Y. 


WEDGES and PEGS. ARMATURE 


Insulation Manufacturers 565 W. 
Washington Bivd., Chicago 6, I 

National Vulcanized Fibre Co., 
ton 99, Del 


Corp., 


ll 
Wilming 


WELD NUTS. See Fastener 


WHEELS, BLOWER 
Torrington Manufacturing Co., 
Conn. 


Torringtor 


WINDING MACHINES, See Coil Wind 
ing Machines 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury ‘ 

American Steel & Wire Div 
Corp., Rockefeller Bidg., 
Ohio 

Anaconda Wire an? Cable Co., 25 
way, New York 4, N. Y. 

Chase Brass & Copper Co., Sub 
necott Copper Corp., Waterbury 

Cornish Wire Co., Inc., 
York 7, N. Y 

Essex Wire Co 
Fort Wayne, Ind 

General Cable Co 420 
New York 17, N. Y. 

General Electric Co., Constrection Mate 
rials Div., Bridgeport 2, Co 

Page Steel & Wire Div., Amecioon Chain 
& Cable Co., P.O. Box 692, Monessen, 
Pa. (Stainless or Carbon Steel Armaturé 
Banding) 

Phelps Dodge Copper Products Corp., 300 
Park Ave., New York 22 A 

Riverside-Alloy Metal Div... A K 
Co.. Inc., Riverside, N. J 

Roebling’s Sons Corp., John A., 

Colorado Fuel & Iron Corp., 
N 


Cleveland 

Broad 
of Ken 
20, Conn 
50 Church, New 
Wire and Cable Div 


Lexington Ave., 


Porter 


Sub. of 
Trenton 


1740 


Sylvania Electric Products, Inc 
Broadway, New York 19, N. Y¥ 


WIRE and CABLE, INSULATED 
Asbestos 
Rubber 
Varnished Fabric 
Thermoplastic 
Coaxial Cable (x 
American Steel & Wire Div., U. 8. Steel 
‘o Rockefeller Bldg., Cleveland 13, 
On 
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2 
NEW N 
THIN WALLED 
” HIGH- DIELECTRIC . 
“MYLAR” TUBING 
* STANDS 
150°C 
N 


- + - + has all the other outstanding electrical, 
physical, and chemical properties of “MYLAR” Poly- 
ester Film. 

Stone manufactures this spiral wound "MYLAR" 
tubing to your specifications in diameters as small 
as .055”, with walls as thin as .002”, transparent 
and in colors. 

lead wire insulation for transformers; covers for 
tantalum capacitors; cores for relay magnets; and 
insulators for bi-metal thermostats ore a few of the 
many uses of Stone “MYLAR" tubing. Can you vse 
Stone “MYLAR” tubing in your product? 


WRITE TODAY FOR REPRESENTA- 
TIVE SAMPLES AND DATA SHEET. 


STONE PAPER TUBE COMPANY 


Division of Stone Straw Corporation 


900 Franklin Street, N.E., Washington 17, D. C. 


MYLAR’ is Du Pont's registered trademark for its polyester film 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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an 
engineered 

applica- 

or if you choose 

one of the indus- 
assortments 

molds for caps, 

and strain re- 

... you can depend 
Royal Electric power 
cords. Royal stock 
are available for 

in rubber, neo- 

to black 

cords of 

..-deliv- 

schedule 

your exact 

as- 


ELECTRIC 
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a 
Fractional Horsepower 


MOTORS 


Fuse 


Here's a brond NEW, dependable 
source for quality built small motors. 
Clean, modern design, employing ad- 
vanced moterials, expert craftsman- 
ship .. . the result of 30 years motor 
building know-how. Priced right too. 


1/1000 to “s HORSEPOWER 


Send for catalog. AC, DC, PM, Uni- 
versal and induction types, gear mo- 
tors, governor controlled and brake 
motors. Popular models in stock for 
immediate delivery. Samples to your 
specifications in 3 to 4 weeks. Ade- 
quate capacity any quantity, large 
or small. Mail coupon. 


CARTER MOTOR COMPANY 
2708 W. George St., Chicago 18, Ill. 


PM DC MOTOR 





Please send information on CARTER 
ECLIPTIC Fractional Horsepower Motors. 


Name 
Firm 


Address 





City State__ 


am 








GOVERNOR DC MOTOR 
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TINY KEY TO TOMORROW’S FUTURE 
NEW SEMICONDUCTOR DEVICE 


Ffalltron 


TYPE HS-5! 


The HS-51 HALLTRON is based 
upon the Hall effect. Its output 
characteristics are related to the 
product of the input current and 
magnetic field, hence are use- 

ful in many new applications. 
The HS-S51 Halltron is a fully 
developed production unit 
utilizing indium antimo- 
nide and is designed to 
work in the customer's 
magnetic circuit. The 

thin encapsulated unit J 
provides the strength # 

and durability nec- 

essary for circuit # 
applications. 


Applications 
of the HS-51 
HALLTRON 
include: 
@ Gyrators 
@ Transducers 
@ Circulators 
@ Power meters 
© Control applications 
e@ Computer applications 
@ DC to AC converters 
@ Magnetic field measurement 


Typical Room Temperature Characteristics 





Typical open ‘= 
circuit Hall out- 
put voltage of 
on HS-51 HALL- 
TRON vs. mag- 
netic field strength 
for various values 
of control current Ic. 








mAOMETC Fete 


MICONDUCTORS, 


1035 W. THIRD AVENUE e 


“INC. 


a 8, OHIO 
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Slide Rule Mathematics 


Have you ordered your reprint copy of this practical guide 
to the application of the slide rule? See page 244. 


MICA 


IS NATURALLY BEST!... 


High Heat resistance and Dielectric Strength 
Chemically inert — non Hygroscopic 
Tough, Resilient — Low Space Factor 
Readily available according to ASTM 
Specifications 
For FREE copy of ASTM Specs. (D-351) 
or other information write to: Dept. M 12 
MICA Importers Association, Inc. 
420 Lexington Ave., N. Y. 17, N. Y. 
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FOLDING DOUBLE CUPPED WASHER LUGS 


oan Solderless mmmeO) 0 


(0 ema Easy to Apply 
No Special Tool Needed 


One-Piece Construction 


pina Service ce} Bulletin 8-DF 
aia cy KRUEGER & HUDEPOHL, INC. 
1043 EVANS STREET, CINCINNATI 4, OHIO 
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Cord Piug and Insert Molding—simple and easy—with the 


MOSLO DUPLIMATIC 


Designed especially for molding cord 
sets, and plastic items requiring inserts 
or multi-color molding, such as keys for 
business machines, the Model 11, 3- 
ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 

The production output of a Moslo Illustrated are parts 
DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 
operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS. 

For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DUPLIMATIC. 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available— 

Write or call today. Ll 
Moslo 2-Station shifting 
table permits loading one 


side while parts are being 
automatically molded on 
the other side. 


MACHINERY COMPANY 


2445 PROSPECT AVE. + CLEVELAND 15, OHIO 
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NEW MOLDED CORONA BARRIER 


insures uniform Oe ™ a & e A L E © 


and pees ys Subminiature 
X , 


minimum loss 


Unimax 


Precision molding provides the proper thickness of deposit 
each and every time on the transformer winding. Uniformity of a Way 4 TC fog 
barrier thickness assures minimum and uniform corona loss. 
Ideal for TV flyback transformers. 
SEND FOR 


B i WA X 3442 Howard Street TECHNICAL Sealed against 


; Skokie, IMlinois BROCHURE oil, water, dirt, cold 
Corporation Phone AMbassador 2-3339 : : ‘ : 


dampness, fuels, 
ciele 7" on page " 


and solvents. 


The Type EAI 


D Y 4 $ ial d ELECTRICAL RATING 
environment-free 5 amperes 125/250 volts a-c 


. switch 5 amp. 30 volts d-c resistive 
STEEL BLUE’ | ~“ 


. . . 2 
is contained in a 1/2 amp. 30 v.d-c inductive 


Ledses- <# Sunaiee endian te TE corrosion-resistant 
3 ’ it J 8-oz. can fitted arith aluminum case, 
making Dies and S= Bakelite cap holding = ; 
ee soft-hair brush for ap- = with an elastomer plunger-seal OVERALL SIZE 
Templates ra] plying right at . = bonded to th 7/8” x 11/32” x 3/4” 
= metal surface ready for = onde e WEIGHT: 1/2 ounce 
layout in a few minutes. = operating pin and the case. ‘ 
i The dark blue background = : : : ‘ Write today for 
4 ‘makes the scribed lines It is furnished with wire leads engineering data sheet 
one pees po hy = of any specified length. on the Unimax EAI. 
{ \ : creases efficiency and & 
= { i - “4 accuracy. 


western | UTI. We SWITCH 


{ent - THE DYKEM COMPANY Diuision +e 4 M1 217 MIGt 








2303F North 11th St. «© St. Louis 6, Mo. 
= = on IVES ROAD, wansinaenelee CONNECTICUT 
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TRANSFORMERS 


OR 


TELEMETRY 


GUDEBROD 
lacing tape 
holds tight! 


Gudebrod Flat Braided Lacing 
Tapes hold windings or har- 
nesses with complete knot 
security and without cutting 
through insulation. Braided of 
different materials to meet a 
variety of conditions, they are 
available wax-coated or wax- 
free, or with special synthetic 
coatings. Both industrial and 
defense users find Gudebrod 
Lacing Tapes best for consist- 
ent high performance where 
component reliability is critical. 
Year in and year out, under ad- 
verse conditions, Gudebrod 
Lacing Tapes hold tight. 


Send us your problems or your 
specifications ...we can meet 


both. Or ask for free samples 
of Gudebrod Lacing Tape today. 


GUDEBROD 


BROS. SILK CO. 
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Thomas & Skinner’s Orthosil® 
Wound Cores are ideal for 
special applications and can be 
specially tested to customer re- 
quirements prior to shipment. 

These T&S Wound Cores meet 
and exceed customer require- 
ments in respect to all magnetic 
characteristics. 

Besides complete assurance of 
quality and specification con- 
formity, T&S offers its highly 
qualified engineering assistance 
—based on more than 50 years 
of experience in the magnetic 
materials industry—to help you 
select the core best suited for any 
given application. 

Ta&S’s entire organization 
prides itself in anticipating a cus- 
tomer’s problems in advance and 
providing the correct engineering 
recommendations to prevent such 
problems from materializing. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets ® Magnetic Tapes OS 
laminations & and Wound Cores O 


1114 East 23rd Street, Indianapolis 7, Indiana 
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MINIATURE ELECTRONIC SUB-MINIATURE ELECTRONIC 
TIME DELAY RELAYS TIME DELAY RELAYS 
31200 SERIES 31300 SERIES 


A.W. HAYDON COMPANY’S 


TRANSISTORIZED SUB-MINIATURE 
ELECTRONIC TIME DELAY RELAYS! 





SAVE SPACE AND WEIGHT! 4 \ 


Miniature Sub-Miniature 
Series Series 





Cross Section 1%rg"" x 12452 Yao" x 1%6"" 
Length 2'/4"' long 
Weight 6 ounces 

Bulletin 


WRITE FOR: AWH 1D.-503 


TEST-PROVED PERFORMANCE! 

High Temperature: 125 C (250 F) 

Vibration: 2000 CPS at 15g 

Contact arrangements up to 4 pole double throw 

Unique transistorized R.C. time constant network 

Time Delays from 50 MS to 120 seconds. Longer Delays available 


Hermetically sealed housings 


MEET REQUIREMENTS OF MIL-E-5272A. 


“A.WGHAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 
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There is a just-right production speed for every job. Run a little faster ahd you'll have trouble— 
a little slower and your equipment is not being used efficiently. A Reliance V*S Drive will give 
you the just-right speed for each job. ; 

Reliance VsS is an all-electric drive that operates from a-c. circuits. The operator varies the drive 
motor rpm. to set up the ideal speed for every job. With no rigid set of gear ratios with a limiting 
number of speeds, he has an infinite selection of rpm.’s from a wide flexible band of operating speeds. 


There is a V*S Drive designed for your equipment. Write for Bulletin D-2311. 


TONS PER HOURS — — — — — - 


In order to maintain a uniform production rate of 80 tons 
per hour with varying sizes of pipe, this pipe mill must 
change its line speed from 30 ft. per minute to 80 ft. per 
minute to compensate for differing gauges of steel. A 500 
hp. multi-motor V*S Drive does the job. 


®YARDS PER MINUTE-——-—-— = 


In order to properly size differing types of cotton cloth, 
the textile slasher must operate at line speeds varying 
from 28 yds. per minute to 225 yds. per minute. A 25 hp. 
V«S Drive does the job. 


® REVOLUTIONS PER MINUTE= -= 


In order to maintain the correct tension on the metal on 
this highly accurate rolling mill, the speed of the coil 
winder must decrease from 900 rpm. to 450 rpm. as the 
diameter of the roll builds up. A 20 hp. V*S Drive does 
the job, automatically. D-1568 


ELECTRIC ANDs 
(a) +R LIANCE ENGINEERING CO. 
GiiT9 DEPT. 2712A CLEVELAND 17, OHIO 
CANADIAN DIVISION: TORONTO, ONTARIO 


Sales Offices and Distributors in Principal Cities 
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Type S above; Type H below. Other designs available. 





“a IT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of electric appliances 
specify Stemco thermostats. For Stemco thermostats give 
long-life reliability that eliminates service headaches... 
are quickly, easily installed . . . are competitively priced. 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it 
involves design, production or cost. Try us now. 


eeatepsem manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio 


Other appliances, too, such as percolators, inhalers, Circle 102 on page 17 


air heaters, fans, steam and flat irons, roasters, fry 


kettles, refrigerators, butter warmers, waffle irons, THER M oO rt T AT eS 


electronic and avionic applications. 


$ 


